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Abstract
This study examined the difference in attitudes towards mathematics between male and female
Hispanic students in a large Florida school system using the Attitudes Towards Mathematics
Inventory (ATMI). This study is important because it studies a population that is underserved in
the literature of mathematics pedagogy: the Hispanic high school student. The ATMI itself has
mostly been used on college students. This is one of the earliest attempts to use it in a high
school setting. Though the survey was available to all students in the cooperating schools, only
surveys where the student self-identified as Hispanic were examined. The results were examined
using a MANOVA in the SPSS statistical package. The result was that there was a statistically
significant difference between Hispanic male and female students on the ATMI scales of Selfconfidence and Enjoyment, with males enjoying the edge on each. There was no statistically
significant difference between Hispanic male and female students on the ATMI scales of Value
and Motivation. The conclusion is that though Hispanic female high school students appreciate
the advantages of a rigorous math education, and despite their motivation to achieve, there is a
disconnect when translating value and motivation into self-confidence and enjoyment. This study
was limited by restrictions on the number of schools that allowed access to their students, by the
fact that this was not a random sample, and the fact that there was nothing to prevent students
from taking the survey more than one time. It is hoped that this will spark further research into
the needs of Hispanic students. A larger, more comprehensive study is needed, which includes
non-Hispanic students and allows a comparison between cultural groups.
Keywords: Hispanic, gender, attitude, self-confidence, enjoyment, motivation, math,
utility value, self-efficacy, culture, ATMI,
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CHAPTER ONE: INTRODUCTION
Overview
Educational researchers are interested in assessing whether the attitudes of students
towards mathematics affects their classroom performance, their course selection, their career
paths and, ultimately, their lives (Ashcraft et al., 1998; Champion et al., 2010; Farooq & Ullah,
2008; Hsi, 1980; Parajes & Urdan, 1996; Quaye, 2015; Rice et al., 2012; Suinn & Winston,
2003; Tichenor et al., 2016).
Despite the growing percentage of Hispanic students in U.S. schools, the research into
gender differences in math attitudes in Hispanic culture is deficient. This chapter will discuss the
differences in students’ attitudes from a gender and ethnic perspective, the historical background
for these differences, the problem to be explored, the purpose and significance of the present
study and the research question to be answered.
Background
Mathematics and engineering fields continue to make strides in attracting increasing
numbers of women and other traditionally under-represented demographics ("Science and
Engineering Indicators 2018 (NSB-2018-1)", 2018). “[T]he numbers of women in S&E jobs has
risen significantly in the past two decades … from 755,000 in 1993 to 1,818,000 in 2015”
("Digest - S&E Indicators 2018 | NSF - National Science Foundation", 2018). Parity, however,
has not been achieved, as these professions continue to be dominated by men (see Figure 1). The
disparity is especially pronounced in the ranks of leadership and upper management. “In the
United States, women currently make up nearly half of the workforce (48 percent) but hold less
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than a quarter (24 percent) of tech jobs and 18 percent of leadership roles at top tech companies.”
(Neal & Smith, 2017).
Figure 1
Percentage makeup of S&E workforce by sex (Science and Engineering Indicators 2018 (NSB2018-1, Chapter 3)).

Elementary and middle school girls and boys take math and science classes in roughly
equal numbers ("NGCP Publications | National Girls Collaborative Project", 2017). High school
numbers tell a story of change and transition; the 2017 National Girls Collaborative Project
("NGCP Publications | National Girls Collaborative Project", 2017) documents the fact that
female and male students took Advanced Placement (AP) exams in Calculus, Statistics and
Chemistry at roughly equal rates (2013 statistics), but that males were more likely to take AP
exams in B/C Calculus and Physics B and C. AP Computer Science showed the widest chasm; of
students taking the course, only 19% were females versus 81% males. Gender disparities become
more pronounced in higher education. While women earned 57.3% of all bachelor’s degrees,
they earn a mere 17.9% of the computer science baccalaureates. Women earn only 19.3% of the
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engineering degrees. Women take home but 39% of the physical science diplomas and 43.1% of
the mathematics credentials (National Science Board, 2017).
The transformation in attitudes seems to occur between elementary and middle school
and is likely correlated with biological, social, and developmental factors, as well as cognitive
differences between males and females, peer pressure, teacher influence, larger class sizes,
increased responsibility, and different expectations (Ganley & Vasilyeva, 2011, but see, contra,
Tichenor et al., 2016). Casad et al. (2017) take it as a given that middle school years are a turning
point and use it as a springboard and basis for their research (p. 41).
Soni & Kumari (2015), researched the key influences, and concluded that the main
factors affecting self-efficacy are negative feelings towards mathematics, and math anxiety.
Negative feelings and math anxiety lead inexorably to limited command of the subject, less
eloquence in computations, and failure to use special approaches in mathematics.
Math is the lingua franca of chemistry, physics, computer science and not overdrawing
one’s checking account ("Maths is the true language of science", 2018). Put simply: math has
utility value. Students who understand and appreciate mathematics as useful – those with
positive attitudes towards math - are more motivated to learn, practice, and study mathematics
than their contemporaries who lack such understanding and appreciation.
Math anxiety, Soni & Kumari (2015) found, had a robust correlation with parental math
anxiety. Conversely, they reported that parental support and encouragement was positively
correlated with mathematics achievement. In fact, the parental environment was so influential
that students’ attitudes were influenced more by parents’ attitudes than even a student’s own past
performance (Soni & Kumari (2015). This was counterbalanced somewhat by a finding that a
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student’s prior negative experience in learning mathematics “can be a major reason for math
anxiety” (Soni & Kumari, 2015, p.333).
Robinson (2010) reported that according to the National Assessment of Educational
Progress (NAEP), the gender gap in mathematics for 17-year-olds was eight points favoring
males in 1973. Over the next two decades the gap began to narrow and since 1990 has remained
steady between three and six points (Robinson, 2010). The study also showed that the
mathematics disparity favors males at the fourth, eighth and 12th grades. Regal and Crumb
(2012) attributed this gap to a variety of factors, one being that teachers tended to overrate male
students’ math abilities while underrating females’. This contributed to females’ math anxiety.
Since females were more likely to internalize these feelings, it negatively impacted their
academic performance creating a cycle that is difficult to break.
Gender differences in math attitudes were, of all demographics studied, the most marked
among Latinos (Else-Quest et al., 2013).1 Hispanic students are now the largest minority group
in America, representing nearly 20% of the total United States population (Allison & Bencomo,
2015). This translates into a predicted increase to 30% of the total school population. Hispanic
students’ population statistics are reflected in neither the number of Hispanic students in
Advanced Placement (AP) courses, nor in the number of Hispanics in college prep track
programs. In said college prep track programs, just over 18% of Hispanic students were enrolled
in AP classes, compared to 56% of their white counterparts (College Board, 2014). Contrariwise,

1

Despite Else-Quest et al.’s terminology, this paper will use the term “Hispanic” rather than “Latino,” and define it,

as have other researchers [Allison & Bencomo, 2015], and the US Census Bureau as “a person of Cuban, Mexican,
Puerto Rican, South or Central American, or other Spanish culture or origin regardless of race.”
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Hispanic students are often over-represented in low track classes (Burris & Welner, 2005). This
disproportionate representation is often attributed to lack of ability (Stevenson et al., 1990), or to
limited language proficiency (Bumgarner et al., 2013). Studies have suggested that attitudes
about math and science are critical to the under-representation of women and minorities in
STEM careers. The challenge of ingrained attitude is exacerbated in the case of Hispanics, where
culture plays a significant role in the development of attitudes.
The incongruence between Hispanics’ representation in the population at large, and the
representation in AP classes may be attributed to academic self-efficacy and self-concept, which
have been shown to influence academic performance and, ultimately, career options and choices
(Walker & Pearsall, 2012).
Self-efficacy is the “belief in one’s ability to complete tasks or influence events that have
an impact on one’s life” (Unfried et al., 2015, p. 623). Students encounter messages about their
academic abilities early in life from parents, siblings and even the toys they are given (Adelson
& McCoach, 2011). These attitudes are fully assimilated by early elementary grades and may
affect achievement and behavior in class (Adelson & McCoach, 2011). Mathematical selfefficacy directly influences students’ abilities, as previous studies have shown. Higher selfefficacy is positively correlated with classroom attentiveness, active engagement in class, and
persistence “when faced with challenge” (Adelson & McCoach, 2011, p.225). Research further
indicates that mathematical self-efficacy directly influences students’ ability to do long division.
Students with low self-efficacy tend to avoid tasks involving mathematics and they are less likely
to demonstrate determination to solve difficult and challenging problems. These self-perceptions
may also influence future career choices, particularly in underrepresented science, technology,

19
engineering, and mathematics (STEM) fields. What is a certainty is that poor math performance
closes doors and narrows options (Stevens et al., 2007).
Stevenson et al. (1990) suggested that while Hispanic parents are eager to help their
children once they are in school, they provide less academic preparation to their children prior to
entering school than do their similarly situated white counterparts. Bumgarner et al., (2013)
proposed that the struggle with English proficiency made it difficult for Hispanic students to
establish relationships with peers and teachers, resulting in lower academic outcomes and, in
turn, poorer attitudes towards mathematics. Culturally this plays out in how parents of Hispanic
students deem their mathematical competence for boys to be related to talent, and mathematical
competence for girls to be related to effort (Vallejo et al., 2015). Culture in Hispanic households
also contributes to the math attitudes of Hispanic girls, as females typically are relegated to the
role of wife and mother, while contributing to the household by raising food and selling crafts
(Allison & Bencomo, 2015).
In their 2014 journal article, Naizer et al. made the case that students’ positive attitudes
towards school in general, and towards key subjects such as mathematics in specific, decreased
as students got older. That team wrote “positive attitudes about school decrease during grades six
and seven” (Naizer et al., 2014, p.29). These attitudes are related to perceived teacher support as
well as parental involvement and encouragement. The Naizer researchers found that girls are
affected more than boys (2014). Naizer et al. (2014) went on to report that there are no gender
differences in mathematics attitudes at nine years of age, minimal differences at 13, and
significant differences at 17. This coincides with a decrease in confidence about abilities and
contributes to female and minority students taking fewer AP courses and their achievement in
math and sciences falling behind their white male counterparts.
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Given these facts, educators need to delve deeper and discover why these differences
exist between males and females, and whether culture play a role for minority students. Ganley
& Vasilyeva (2011) theorized that sex differences in cognitive and affective predictors of math
performance are found starting in middle school while Tichenor et al. (2016) asserted that it
began much earlier. Goetz et al. (2013, p. 2080) reported gender stereotypes such as “girls and
math are a bad fit” and “math is clearly a male domain” lowered females’ perceived competence
and their perceived abilities in mathematics. Those negative perceptions, combined with parents’
attitudes, and the social and cultural perceptions of what is appropriate for girls and what is
appropriate for boys continue to contribute to the differences in attitudes towards mathematics
(Asante, 2012).
Problem Statement
There is a gap in the literature regarding Hispanic students’ perceptions of mathematics
in general and their perception of their mathematics ability specifically, and whether a
statistically significant gender difference exists (Else-Quest et al., 2013). The problem is that
there is limited research on differences in mathematics attitudes between male and female
Hispanic high school students. The subject schools provided an opportunity to explore attitudes
among Hispanic students in a school system where 40% of the high school students identify as
Hispanic ("Enrollment Summary", 2019).
Attitudes are not visible. They can, however, be “inferred from observable and evaluative
responses expressed as approval or disapproval” (Syyeda, 2016, p.33). Adelson and McCoach
(2011) theorized that by the time students were in the upper elementary grades, their attitudes
toward mathematics and their beliefs about their capabilities in the domain were set and unlikely
to change. Others believe these attitudes are formed earlier, before the student even begins
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school, and only becomes visible at the elementary level. Soni & Kumari (2015) wrote that
family plays a key role in determining attitudes and academic achievement of students and their
beliefs in their children’s abilities are the single most important factor in determining later
performance. Naizer et al. (2014) believed that changes in attitude are an age-related
phenomenon associated with changes in hormones and maturity of cognitive function. Another
major influence on attitudes towards mathematics comes from examining the role that culture
plays in mathematics attitudes among Hispanic students. Although Hispanics represent the
fastest growing segment in public education, they account for little of the research. In the years
from 2010 to 2018 (the last federal reported data) the percentage of Hispanic students in public
schools has increased from 16% to 26%. Federal estimates predict this number to continue to
grow over the next 10 years ("Indicator 6: Elementary and Secondary Enrollment", 2019).
Without investigations into Hispanic culture and its possible influence on math attitudes,
teachers will be ill-equipped to serve the students of the future.
Purpose Statement
The purpose of this quantitative, causal-comparative study was to investigate if there was
a difference in math attitudes between male and female Hispanic students in a large Florida
school system, as measured by the Tapia & Marsh subscales of motivation, self-confidence,
value, and enjoyment (Tapia & Marsh, 2004). For purposes of this study, sex was the
independent variable; Motivation, self-confidence, value, and enjoyment were the dependent
variables. The differences between gender and mathematical attitudes was explored. Math
attitudes were measured using a valid, reliable instrument that has four subscales: motivation
“refers to any force that energizes and directs behavior” (Reeve, 2012, p. 45); Self-confidence is
defined as “a trust in self, a knowledge of one’s limitations and of one’s strength, a faith in one’s
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ability to be able to meet situations as they may arise” (Moore, 1952, p.140 ); Value is defined as
“the deep affective qualities to be fostered through mathematics education and categorized into
the general education, mathematics education and mathematics values” (Pa & Tapsir, 2013, p.
450) and; Enjoyment is defined as “a positive activating emotion and can affect whether students
will engage and reengage with the enjoyable content” (Pekrun, 2006, p.317).
Significance of the Study
Despite their growing population impact, Hispanic students have not been studied to the
same degree as White or African American students (Lewis et al., 2012). Previous research also
shows that teacher preparation to teach mathematics, as well as teacher attitudes towards
mathematics, are critical parts of students’ self-efficacy and attitude formation. This study
contributes to the existing body of literature because it studied Hispanic students in grades 9-12
and gives an insight into a special population that has so far not been well studied. The
population of the target schools have a more homogeneous population with similar backgrounds
and exposure to the same instructional methods than has previously been examined.
The aim of this research was to examine the math attitudes of male and female Hispanic
students in grades 9-12 in a large Florida school system. U.S. Hispanics’ numbers are growing
much more rapidly than the population writ large. (Lewis et al, 2012). There are conflicting
research conclusions about when math attitudes are set, and by whom. Soni & Kumari (2015)
theorized that parental support and encouragement as well as parental attitudes towards
mathematics played a strong role in students’ self-efficacy during school years. Contrast that
with the work of Anders & Rossbach (2015) and Naizer et al. (2014) who concluded that student
self-concepts of mathematical abilities develop well before school starts and that differences
between male and females only continue to grow as each group progresses from elementary to
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middle and then to high school. One study deduced that academic success was higher for
Hispanic females who had strong maternal support, correlated with the extent to which the
family spoke English (Sayman, 2013). That same study failed to find the same to be a significant
factor for males (Sayman, 2013).
This research contributes to education since, according to the National Research Council
(US) Panel on Hispanics in the United States, Hispanics begin their educational journeys without
the “economic and social resources that many other students’ receive, and schools are often ill
equipped to compensate for these disparities” (Schneider et al., 2006, p. 179). This information is
important as
students have to believe that the teacher respects and cares about their well-being. When
this bond is not established or fully developed, students resist teachers both personally
and academically, become detached from school, and consequently are less likely to
succeed in school. (Schneider et al., 2006, p. 198)
School systems need to take steps to recruit more Hispanic teachers and principals who can act
as role models and ensure equity in the classroom and positive educational experiences for all
students.
Research Question
RQ1: Is there a difference between mathematics attitudes of Hispanic male and female
high school students in a large Florida school system on the ATMI subscales of self-confidence,
value, enjoyment, and motivation?
Definitions
•

Attitude is “a settled way of thinking or feeling about something” (Syyeda, 2016, p.33).
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•

Culture is the way a society lives. “Culture encompasses a society’s norms, ideas, and
beliefs. Culture characterizes a society and gives it an independent identity” (Karp &
Shakeshaft, 1997).

•

Engagement refers to the “extent of a student’s active involvement in a learning activity”
(Reeve, 2012, p. 150).

•

Enjoyment is a “positive activating emotion that can affect whether students will engage
and reengage with the enjoyable content” (Pekrun, 2006).

•

English as Second Language is a “traditional term for the use or study of the English
language by non-native speakers in an English-speaking environment. That environment
may be a country in which English is the mother tongue (e.g., Australia, the U.S.) or one
in which English has an established role (e.g., India, Nigeria). Also known as English for
speakers of other languages” (Nordquist, 2019).

•

Enjoyment of Mathematics is the “degree to which a person takes pleasure in doing and
learning mathematics” (Adelson & McCoach, 2011).

•

Gender bias is “the prejudice in action or treatment against people on the basis of sex or
gender. Gender bias is basically the belief or attitude that one sex or gender is of higher
power than the other. This can lead to unfair difference in the treatment of men or women
because of their sex or gender” (Kretschmer et al., 2012).

•

Hispanic indicates “a person of Cuban, Mexican, Puerto Rican South or Central
American, or other Spanish culture or origin regardless of race” (Allison & Bencomo,
2015).

•

Mathematical self-perception is a “person’s perceptions of self as a mathematical
learner” (Adelson & McCoach, 2011).
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•

Motivation refers to “any force that energizes and directs behavior” (Reeve, 2012).

•

Perceived usefulness of mathematics is a person’s beliefs “about the practical use and
applicability of mathematics currently and in relationship to his or her future” (Adelson
& McCoach, 2011).

•

Self-Confidence means a “trust in one’s self, a knowledge of one’s limitations and of
one’s strength, a faith in one’s ability to be able to meet situations as they may arise”
(Moore, 1952).

•

Self-efficacy is the “belief in one’s ability to complete tasks or influence events that have
an impact on one’s life” (Bandura, 1986).

•

Self-Perception a person's “view of themselves and of any mental or physical attribute
that makes up the self” (Reeve, 2012).

•

Sex is the biological characteristic that make a person male or female (Karp &
Shakeshaft, 1997).

•

Stereotype is “a widely held, fixed and oversimplified image or idea of a particular type
of person or thing” (Hanna, 2003).

•

Values are “the deep affective qualities to be fostered through mathematics education and
categorized into the general education, mathematics education and mathematics values”
(Pa & Tapsir, 2013).
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CHAPTER TWO: LITERATURE REVIEW
Overview
This chapter examines the literature that contributes to understanding the differences in
mathematics attitudes between Hispanic male and female students, and the tools used for
measuring those differences. This chapter organizes and summarizes the research and theories
that have contributed to the current state of knowledge about mathematical attitudes. It will
present a theoretical framework related to mathematical attitudes and the influences of gender
and culture on those attitudes. The sources are eclectic, including data from journal articles,
books, websites, government publications, and even a legal database. In this literature review the
researcher explored the problem of mathematics attitudes and the associated negative impact on
women and minorities and presents possible solutions that could increase the numbers of women
and minorities in upper level mathematics courses and related careers.
Theoretical Framework
The theoretical framework for this study was the social learning theory proposed by
Bandura (1977), who claimed that people can learn new information and behaviors by observing
other people. The theory has three concepts that apply to the current research study. First, people
can learn through observation. Bandura indicated that “individuals do not need to learn
everything directly because they are able to learn lots of things by observing others’ experiences”
(Demirbas & Yagbasan, 2006, pg. 365). Bandura conducted a series of experiments called the
Bobo Doll Experiments which bore out Bandura’s three predictions. First, “Children would be
more likely to imitate models of the same sex-rather than models of the opposite sex” (Cherry,
2020). Demirbas & Yagabsan said that “a great deal of cognitive, affective, social, and
psychomotor behaviors can be taught by modeling the respected or adored adults” (2006, pg.
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365). This dovetails with the underlying theory of this paper, that Hispanic girls will have fewer
positive attitudes towards math than their male counterparts as they model the female behaviors
of a deeply traditional culture. Second, mental states are important to learning. Bandura said that
intrinsic reinforcement, such as a sense of pride and reinforcement also influenced learning. This
raises the question of whether Hispanic girls value the reinforcement of the classroom over the
reinforcements of the home. Third, Bandura believed that people could learn new information
without demonstrating new behaviors. This also goes to the heart of the current research wherein
Hispanic girls could internalize modeled math attitudes of their teachers without those attitudes
affecting their behavior or performance.
Bandura (1977) wrote of three factors that influence the learning process: behavior;
personal factors and; external factors. First, the behaviors exhibited by a student, or how the
student responds, directly affect the ability of the student to learn and retain information. Second,
personal factors such as a student’s cognitive abilities or biological events could affect student
learning. Third, external factors including school ambience, the student’s socioeconomic status,
and parental support can impact learning. Bandura (2002) said that self-efficacy is a way that
human functioning is controlled. Bandura’s three factors, merged with his concept of selfefficacy (a person’s perceptions about their own abilities to learn or perform actions at a specific
level), combine to define a student’s inner profile. A student’s profile affects how a student
thinks, either positively or negatively. Those thoughts, in turn, affect choices, decision making
processes, achievement and, ultimately, success in academics and life.
Students learn through their interactions with their environment and with others. Selfefficacy influences a student’s choice of tasks (e.g. classes), persistence in completing the tasks,
the use of learning strategies and overall academic achievement. These behaviors affect self-
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efficacy, due to the factors being reciprocal. Thus, a student’s self-efficacy will increase as they
master tasks and gain confidence. One of the main concepts of social cognitive theory is that
humans learn through two primary ways: “actually doing an activity, and vicariously through
observing modeled performance” (Ryan, 2014). Most of student learning comes from an
interplay of both models; however, the influence of the environment needs to be recognized for
its importance.
According to Wolfe, students who want to be accepted by their peers may not
demonstrate their full abilities in a bid to appear to be aligned with their classmates. This is
mostly seen in girls who “feel they must downplay their own abilities, pretending to be less
intelligent than they actually are” (2016, p. 6). Through vicarious learning, students shape their
lives and their futures. Unfortunately, some of the messages being received by women and
minorities are negative influences on their self-efficacy. Teachers, therefore, need to be aware of
the role they play in influencing students and “seek positive personal characteristics and
aspirations to constitute the best possible role model for students” (Raicevic, Nikolic, Vlasta &
Saracevic, 2017, p. 238). In this context, the teacher's responsibility is to “facilitate the
expression of talent, but also to understand the differences as strengths and virtues, not as a
contradiction and conflict of different ideas” (Page & Page, 2014, p. 29).
When we look at how students develop in mathematics, Anderon, (2007) proposed that
each student develops their own identity in mathematics. This identity is built through
“relationships and experiences with their peers, teachers, family, and community” (Anderon,
2007 p. 7). It is through these observations and interactions that each student comes to know who
they are with respect to mathematics. These identities are strongly influenced by mathematics
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teachers and parents who need to develop and support the development of positive mathematical
identities through pedagogical practices and positive reinforcement at home.
The literature indicates that girls and minority students seemed more attuned to social
persuasions than did non-minority boys when forming their self-efficacy. This study sought to
lay a foundation for discovering what resources are needed for women and minority students to
flourish.
Math Self Efficacy
In Bandura’s seminal 1977 work, “Self-Efficacy: Toward a Unifying Theory of
Behavioral Change,” the researcher laid out the intellectual underpinnings of the concept and
mechanism of self-efficacy. See Figure 2. Boiled down to layman’s terms, self-efficacy could be
described as the way one rates one’s self in a life activity. Bandura’s genius was to deconstruct
Figure 2
Explanatory diagram based on Bandura’s original work (1977, p. 193).
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aspects of self-evaluation, expectations, behavior and outcomes and re-construct them in a
logical framework that explains certain human behaviors. As Bandura explained:
Not only can perceived self-efficacy have directive influence on choice of activities and
settings, but, through expectations of eventual success, it can affect coping efforts once
they are initiated. Efficacy expectations determine how much effort people will expend
and how long they will persist in the face of obstacles and aversive experiences. The
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stronger the perceived self-efficacy, the more active the efforts. Those who persist in
subjectively threatening activities that are in fact relatively safe will gain corrective
experiences that reinforce their sense of efficacy, thereby eventually eliminating their
defensive behavior. Those who cease their coping efforts prematurely will retain their
self-debilitating expectations and fears for a long time. (Bandura, 1977, p.194).
Influential as the concept is, the concept of self-efficacy, and especially the concept of
self-efficacy as a predictor of academic outcomes, is not universally embraced.
Some researchers have difficulty discerning the difference between self-efficacy and selfconcept, an idea that competes for primacy in predicting behaviors and success. In 1994, one
research partnership noted that “the conceptual differences between these two constructs is not
always clear in investigations” (Pajares & Miller, 1994, p.193).
In one researcher’s article, “Affective Variables and Mathematics Education,” the author
uses the terms “math confidence” and “math self-concept” interchangeably (Pajares & Miller,
1994, p.193, referring to Reyes, 1984).
At least one researcher used the term “self-appraisal,” (which is clearly self-efficacy by
another name) and then goes on to use the terms “self-appraisal” and “self-concept”
interchangeably for the balance of his article (Feldson, 1984, pp.944-951).
Among those who have perspicacious grasps of the difference between the concepts, yet
still fail to embrace it, are Bong & Clark (1999), who compared self-efficacy to self-concept.
They conclude that the reason that self-efficacy appears to offer better behavioral predictions is
because experimental and research designs used to test these concepts were not equal. As they
explain:
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[S]elf-efficacy research demonstrates more consistent operational definitions, more
context-specific assessment of both the construct and outcomes, and more frequent
implementation of experimental, as opposed to correlational, designs. In the past, selfconcept research has used more general indexes of both self-concept and achievement
and depends mostly on correlational rather than on experimental data. These differences,
although not necessarily inherent in construct definitions, contribute to self-efficacy's
superior predictive and explanatory utility in past research. (Bong & Clark, 1999, p.139).
After an exhaustive review on the then-extant research, Bong & Clark determined that it
was self-concept that provided a superior predictive power for academic success.
Bong & Clark (1999) are neither alone, nor outliers. Choi’s (2005) study addressed the
weaknesses identified in Bong & Clark’s 1999 article. Choi’s method was to compare selfefficacy and self-concept side-by-side with various degrees of specificity and then compare the
results to academic performance in a college statistics class (Choi, 2005). The author asserts that
between the two concepts, self-concept was more multidimensional, including affective as well
as a cognitive component; self-efficacy is strictly cognitive (Choi, 2005, p.202). Choi found that
for both concepts, the more the predictor variable and the outcome variable overlapped, the
greater the predictive power. For instance, asking “Rate how you think you will do on your
statistics exam” yielded weaker r values than “Rate your ability to select the correct statistical
procedure to be used to answer a research question” (Choi, 2005, 202). Whereas social cognitive
theory dictates that when measured specifically, self-efficacy has the most powerful predictive
power, Choi’s findings contradict that concept, finding that, when measured specifically, selfconcept is the more robust predictor of performance (Choi, 2005, p.202).
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Despite some strong empirical data that self-efficacy is not the strongest predictor of
outcomes, research into self-efficacy continues. Hoffman (2010) asked the question, “what is the
role, if any, of self-efficacy beliefs and mathematics anxiety in efficiency outcomes?” (Hoffman,
2010, p.278). Math anxiety is a “state of nervousness and discomfort brought upon by the
presentation of mathematical problems” (Hoffman, 2010, p.276). Efficiency outcomes are
defined as the ratio of correct answers per unit time. A meta-analysis of self-efficacy studies had
previously shown a correlation between self-efficacy and performance of .38 (Stajkovic &
Luthans, 1998). On the anxiety side, Hembree had found a correlation with math performance of
.27, an almost perfect offset (Hembree, 1990).
There are two counterintuitive confounding variables in this study. First is that some high
math-anxious individuals complete their math tasks very quickly, often at the expense of
accuracy, to simply be done with the unpleasantness. Second is that some high self-efficacy
individuals may not perform at the top of their game because, in their confidence, they lack the
motivation to perform at an elevated level when success seems assured.
Results of the small (N=70) study were that, as predicted, math self-efficacy was a
significant predictor of math efficiency on relatively easy mental multiplication problems
(Hoffman, 2010). The mental math problems, though, got progressively more difficult, and, at
some tipping point, math anxiety overcame math self-efficacy as the subjects re-evaluated their
ability to do the requested task (Hoffman, 2010).
Related Literature
Mathematics Attitudes
The term “attitude” lacks a single definition with regards to mathematics. It has been
defined as “learned predisposition or tendency on the part of an individual to respond positively
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or negatively to some object, situation, concept, or another person” (Aiken, 1970, p.551), and as
“liking or disliking of mathematics, a tendency to engage in or avoid mathematical activities, a
belief that one is good or bad at mathematics, and a belief that mathematics useful or useless” (p.
553). A more positive attitude towards mathematics improves a willingness to learn and negative
attitudes cause resistance to the learning process. Attitude is also influenced by the value placed
on mathematics by students. The value of mathematics refers to “the beliefs on the usefulness,
importance, and worth of mathematics” (Tapia & Marsh, 2004, p. 17). Attitudes towards
mathematics and achievement have been studied since the 1970s. A 1997 meta-analytic study by
Ma & Kishor indicated that the relationship between attitude and achievement in mathematics is
stronger in the lower elementary grades and not as strong in the upper elementary and middle
grades (1997). In 2013 Mohammadpour found that enjoyment of mathematics can also affect
student’s attitudes towards mathematics and whether they see it as a part of their future school
and/or career goals. Although students’ attitudes toward math decline from elementary to middle
and high school, the patterns for males and females are somewhat different. There are three
distinct sources of influence on mathematics attitudes, parents, teachers, and friends. Each plays
a different role in the formulation and changes in these attitudes (Rice et al., 2012).
Early Influences on Mathematics Attitudes.
Mathematics attitudes for both males and females are formed early and are influenced by
parents, teachers, and peers. Mathematical attitudes develop before school starts and these
attitudes remain, and even increase in significance, during a student’s school career, contend
some researchers (Anders & Rossbach, 2015). Geist stated the “experiences of children even
before they enter kindergarten can affect achievement in mathematics” (Geist, 2013). While
schools emphasize mathematics as a key factor in a student’s educational success, we now see
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the math emphasis trickling down to even the preschool level. The National Association for the
Education of Young Children (NAEYC) and the National Council for Teachers of Mathematics
(NCTM) underscore the need for “effective, high quality mathematics education for children
between the ages of three and six” (McLennan, 2012). Early exposure is meant to counteract
findings like those of Tichenor et al. (2016) who wrote that by the time girls are in second grade,
they may already be exhibiting negative attitudes toward mathematics. These attitudes, once
ingrained, are difficult to change and will continue to affect students’ academic careers and,
ultimately, their life options.
Parents’ role in the development of children’s mathematic attitudes is key among early
influences. Leaper et al. (2011) found that a mother’s beliefs about their children’s abilities was a
better predictor than grades when it came to mathematics attitudes. The study further found that
students tend to look to same-gender parents when forming attitudes and belief about what is
appropriate for each gender. Researchers have, therefore, concluded that the attitudes and
expectations of adults contribute to the development of mathematics attitudes in both males and
females. Some research argues that adult’s own math anxieties and beliefs have a major impact
on the development of math attitudes in their children. According to a 2017 study by MohrSchroeder, parents feel “inadequate helping their children with mathematics because they are not
confident in their own mathematical abilities” (Mohr‐Schroeder et al., 2017). Another theory
proposes that adults contribute to “the development of negative math attitudes in young children,
especially girls, and sets the stage for lifelong behavioral and attitudinal patterns, such as math
anxiety and math avoidance, which can eventually lead to lower levels of STEM course-taking
and career choices among women versus those of men” (Rice et al., 2012). As students move
from elementary to middle school parents tend to believe that boys have greater mathematics
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abilities and their expectations for them are much higher. “By sixth grade, parents believe that
boys have more natural talent in math, anticipate that boys will have greater future success in
careers requiring math skills, rate the importance of math as greater for boys than for girls, and
rate math as more difficult for girls than for boys” (Rice, et al., 2012). These beliefs about their
children’s abilities influence the children’s self-efficacy of their mathematics abilities and carries
on into high school and beyond.
The traditional culture of Hispanic students and the support received by parents
reinforces stereotypical roles for females and males. Research by Sayman (2013) discussed the
resilience and academic motivation of Hispanic girls, and found that when they have strong
maternal support, their mathematics attitudes and academic success was high. This aligns with
Leaper et al. (2011) who argued that the same sex parent is the most important influence. Their
research showed maternal support had no influence on males, who were more influenced by
paternal figures, regardless of race or ethnicity. Another factor in Hispanic girls’ success was
whether the family spoke English. Hispanic students overall have greater success in school
“when they recognize the struggle between cultures, embrace a strong cultural perspective,
incorporate strong family ties and maintain friends of the same ethnicity” (Sayman 2013).
Teacher beliefs about their student’s abilities also influence students’ self-efficacy about
their mathematical abilities. In a 1999 study by Li, first grade teachers “perceive their best male
students as being more logical, more competitive, more independent in math, and liking math
more than their best female students” (Li, 1999). Teachers who exhibit gender-stereotyped views
of a student’s ability, are more likely to focus their conclusions about students on traits such as
race and/or gender as opposed to looking at each student on an individual basis. In addition,
teachers tend to attribute boys’ math success to natural talent and girls’ success to effort. This
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leads girls to believe that they are not successful in mathematics due to lack of effort with no
thought given to their abilities.
These gender stereotypes are not limited to female students with average mathematical
abilities. Preckel et al., (2008) compared self-concept, interest in math and motivation in math
between two groups, average ability math students and gifted math students. The study showed
gifted males had an elevated attitude for math that was significantly different from the averageability male students that were studied. The females in the research showed no significant
differences in attitude between the gifted and average-ability females. Across the board, though,
girls’ positive math attitude measures were lower than the boys’. The gap in positive attitudes
towards mathematics was most pronounced in the gifted group. In sum, the researcher “found a
consistent pattern of unfavorable mathematics-related attitudes in girls and a consistent pattern of
more favorable attitudes in boys” (p. 156).
No discussion of teacher education and teacher influence on mathematics attitudes is
complete without a mention of the continuing research being done on how the brains of males
and females differ. Teachers need to be aware of this research when planning lessons and
activities for each specific gender. Ferrara & Ferrar, (2005) stated, “Differences in gender also
have been associated with various ways in which students take in information and process it” (p.
28). Gurian et al., (2008) gave insight into the differences in the way males and females think
and process information. Their book discusses how to increase female mathematics efficacy and
math attitudes by designing practical activities and using specific pedagogical approaches that
focus on males’ and female’s unique strengths, while underplaying their weaknesses. According
to Gurian, et. al. (2008) the major differences between males and females when it comes to brain
development are:

37
•

Girls think more verbally and use more words than boys.

•

Boys rely more on pictures and moving objects when they write.

•

Boys have rest states many times during the day (zoning out, sleeping in class). To
mitigate these “zone outs” they tend towards tapping or poking things.

•

Girls are better at multitasking, where boys tend to need more transition time between
tasks.

•

Boys are naturally more aggressive, competitive, and impulsive.

At the conclusion of Baker & Jacobs’ 1999 research, that team concluded that if teachers do
not make the curricular and pedagogical changes needed to support both sexes, then everyone
loses when it comes to mathematics attitudes. Rex & Chadwell (2009) reported that one of the
most important factors needed when discussing mathematics attitudes is “training for teachers to
better understand how gender can influence learning and supporting teachers throughout the year
as they reflect on their practice” (p. 4). According to Anfara & Mertens (2008), teachers need to
remember that boys and girls are “wired” differently and that means that they learn differently.
Leaper et al. (2011) wrote that peer support is important for girls in areas such as
mathematics where girls may feel pressure to conform to traditional gender roles and behaviors.
This is evident in middle and high school where the pressure to adopt a negative attitude towards
mathematics may be a prerequisite to “fit in” (Winheller et al., 2013). Rowan-Kenyon et al.
(2012) proposed that peer cultural experiences related to gender-appropriate behavior may have
an influence on the activities in which girls participate and that this may directly influence their
attitudes towards mathematics. Rueger et al. (2010) wrote that positive support from peer groups
has a more positive effect on mathematics attitudes than support from close friends. This is in
line with a study by Bissell-Havran & Loken (2008) which found that mathematics attitudes and
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math value were positively correlated to their friend’s values. The influences of parents, teachers,
peers and even friends, then, may amalgamate to determine mathematics attitudes of both males
and females.
Math Anxiety
Though much has been written on the topic of math anxiety, the meaning of the term
itself is not universally agreed upon. Math anxiety is commonly defined as “a feeling of tension,
apprehension, or fear that interferes with math performance” (Ashcraft, 2002, p. 181). Fennema
& Sherman (1976) emphasized and focused on the physical reactions to performing
mathematical tasks. D'Ailly & Bergering (1992) focused on the feelings that math tasks evoked,
e.g. apprehension, uneasiness, and fear (Kazelskis et al., 2000, p.137, citing D'Ailly & Bergering,
1992). Wigfield & Meece concentrated on “worry,” which they define as the “cognitive
component of anxiety, consisting of self-deprecatory thoughts about one's performance” (1988,
p. 210). A seminal work in the field of math anxiety metrics defines it as "feelings of tension and
anxiety that interfere with the manipulation of numbers and the solving of mathematical
problems in a wide variety of ordinary life and academic settings" (Richardson & Suinn, 1972,
p.167). Hembree’s definition said that “[anxiety] is ... defined to be a state of emotion
underpinned by qualities of fear and dread … This emotion is unpleasant, is directed toward the
future, and is out of all proportion to the threat. …” (Hembree, 1990, p.33).
It is no exaggeration to say that no two researchers defined math anxiety in exactly the
same way. The diverse definitions, though, viewed as a whole, create a penumbra of
understanding of the term and the problem.
For a time, math anxiety was viewed as little more than a subject-specific subset of
generalized test anxiety (Suinn & Winston, 2003, p.167). This argument is bolstered by the
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numbers: the correlation between math anxiety and test anxiety ranges from r=.65 to r=.75
(Kazelskis et al, 2000 p.138, citing Bruch, 1981; Brush, 1978; Chiu & Henry, 1990; Hendel,
1980; Rounds & Hendel, 1980; Sepie & Keeling, 1978). It was not until the early 1970s that
math anxiety came to be viewed as its own specific area of study, with its own specialized tools.
The first systematic instrument for assessing math anxiety was the Mathematics Anxiety
Rating Scale (MARS) published by Richardson & Suinn (1972). The MARS was the gold
standard for evaluating math anxiety from 1972 until almost the turn of the millennium. The
original MARS was valid, highly reliable, and had a high test/retest correlation. It was, however,
at 98 items, a cumbersome, time consuming and labor-intensive instrument.
It did not take long before researchers sought a shorter inventory that would accomplish
all that the MARS did, but with less administration time. To be sure, shorter forms were created,
but each of the major attempts failed on various grounds. For instance, the 24-question
instrument developed by Rounds & Hendel (1980) was tested on an exclusively female
population that was enrolled in a math anxiety treatment program (Suinn & Winston, 2003,
p.168). The Rounds & Hendel results, therefore, could not be generalized to the entire
population.
Suinn, co-creator of the original 98-item 1972 inventory, proposed a newer 30 item
replacement. In terms of reliability Suinn reported that their new, shorter, instrument has a
Cronbach alpha of .96, compared to .97 for the long form (Suinn & Winston, 2003, p.170).
Validity was calculated using Pearson’s correlation between the original and the shorter version
of the tool. Results were r=.94 (Suinn & Winston, 2003, p.171). The author advised, however,
that the long form should be used by any researcher seeking to make comparisons to earlier
results of the long form.
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Another valid, reliable test is Wigfield & Meece Math Anxiety Questionnaire, or MAQ.
The MAQ is designed not merely to test for math anxiety and to measure its intensity; the MAQ
measures two aspects of math anxiety, the cognitive and the affective aspects (Wigfield &
Meece, 1988; Kazelskis et al, 2000 p.139).
The team of Fennema & Sherman developed the Fennema-Sherman Mathematics
Attitude Scales (MAS) (Fennema & Sherman, 1976). The Fennema-Sherman scales are not just
one inventory, it is a set of nine discrete instruments designed to measure a wide variety of
potential influences on math results. Included among the instruments is the Attitude Toward
Success in Mathematics Scale, he Mathematics as a Male Domain Scale, and, of course, The
Mathematics Anxiety Scale (Fennema & Sherman, 1976, p.323-324). Though the MAS was
designed for use with high school students, “it has been successfully used with college age
students” (Kazelskis et al, 2000 p.139).
The Test Anxiety Indicator (TAI) was developed by Spielberger in 1980 and is the “most
widely used instrument for measurement of high school and college students test anxiety”
(Shabbir Ali, 2013). The TAI has three subscales: Test Anxiety-Total (TAI-T); Test AnxietyWorry (TAI-W) and; Test Anxiety-Emotionality (TAI-E). The inventory is based on a Likert
Scale and those given the inventory are asked about their level of anxiety before, during and after
the administration of a test. Note that the TAI was not designed or intended to measure math
anxiety, but test anxiety. Its alpha reliability has been measured from mid .80s to mid .90s
(Shabbir Ali, 2013). Kazelkis (2000) used this test to conclude that there was no meaningful
difference between math anxiety in particular and test anxiety in general.
But see, contra, Hembree’s meta-analysis of 150 studies which concluded that “only 37%
of one construct’s [math anxiety vs test anxiety] variance is predicable from the variance of the
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other. The remaining 63% must be attributed to other sources, factors attending one construct
that are absent in the other” (Hembree, 1990 p.45). Hembree concluded, though, that it was
prudent to continue to use test anxiety’s theoretical framework when dealing with math anxiety
(1990).
In 2011 Ko & Yi introduced and validated the Mathematics Anxiety Scale for Students,
or MASS. MASS is a 65-item inventory that measures 4 areas: “nature of mathematics, learning
strategy, test performance and environment” (2011, p. 509). Wigfield & Meece examined math
anxiety in 6th through 12th graders (n=564) and claimed to have evidence for a two prong
“punch” from anxiety, an affective reaction, and a cognitive component (1988, p.210).
In one study on math anxiety, researcher Ashcraft interpreted their data thusly:
increasingly complex math problems place an increasing demand on “working memory,” which
he describes as “the system for conscious, effortful mental processing.” (2002 p.183). Worrying,
which is also a conscious, effortful act, used to imagine bad things, to denigrate one’s self, and to
anticipate consequences out of all proportion to reality, places a burden on working memory.
Ashcraft’s conclusions were in keeping with the research of Eysenck & Calvo (1992)
which led to the processing efficiency theory. Simply stated, the anxious individual allots
attention to intrusive thoughts and worries, rather than to the task at hand (Ashcraft, 2002, p.183,
citing Eysenck & Calvo, (1992). Worry acts in the brain like a second mental task that must be
attended to. In fact, worry affects math performance to the same extent as asking students to
remember six random letters while doing their sums.
Mathematics anxiety has effects that reach out far from the classroom and have impacts
lasting long after the student has exited the math classroom. “Mathematics anxiety has been
found associated with poorer performance in mathematics and statistics courses and mathematics
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avoidance behaviors such as avoidance of careers requiring mathematics content” (Hsi, 1980;
Adams & Holcomb, 1986; Cooper & Robinson, 1989; Handler, 1990; Meece et al., 1990;
Tobias, 1990; Chipman et al., 1992; LeFevre et al., 1992; Ashcraft & Faust, 1994; Parajes &
Urdan, 1996; Ashcraft et al., 1998; Hopko et al., 1998, cited by Suinn & Winston, 2003, p. 167).
Ashcraft (2002) said that “[h]ighly math-anxious individuals are characterized by a
strong tendency to avoid math, which ultimately undercuts their math competence and forecloses
important career paths (p.181). The irony is that the anxiety is seemingly needless. Ashcraft’s
data showed that there is no competence difference between the high math-anxious students and
low math-anxious students.
Contradicting Ashcroft, Hembree (1990), in a 150-paper meta-analysis found
“[c]orrelations between mathematics anxiety and aptitude achievement measures were inverse
across grade levels, so higher mathematics anxiety consistently related to lower mathematics
performance (Hembree 1990 p.37, 38).
Cates & Rhymer (2003) suggested that a way to minimize math anxiety was for educators
to be mindful of the stages of learning, the Instructional Hierarchy. The stages are acquisition,
fluency, generalization, and adaptation. In the acquisition stage, accuracy is an appropriate
measure of success. In the fluency stage, students retain the same level of accuracy, but increase
the speed in which their results are achieved. In the Cates & Rhymer experiment high mathanxiety students and low math-anxiety students performed on a par with one another as to
accuracy of math problems completed; they had about the same error rate. The difference
between the two groups was number of math problems completed. Cates & Rhymer concluded
that “the findings of the current study support the notion that mathematics anxiety may be related
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to the stage of learning (i.e. fluency) as opposed to overall mathematics performance (i.e.
accuracy) (2003 p. 31).
Cates & Rhymer had three “takeaways” from their study: (a) “Extending student learning
beyond accuracy of responding to more advanced states such as fluency … may be a potential
solution for dealing with associated factors of mathematics anxiety” (2003 p.31); (b) Educators
should consider students’ stages of learning. Since anxiety levels are related to academic skill
attainment, educators should focus on students’ ability to respond not just accurately, but
quickly. When students achieve fluency, their math anxiety decreases (2003 p.31) and; (c)
Educators need to evaluate how quickly their instruction increases in difficulty (2003, p. 31). In
other words, if students are merely at the acquisition stage for adding single digits, but have not
yet achieved fluency, introducing 2-digit addition with carrying could introduce or enhance math
anxiety. It is worth noting that Cates & Rhymer’s study was small (N=52) and included only
college students. His broad interpretation based on such a limited sample may be unwarranted.
Humbree’s meta-analysis (1990) yielded the following insights:
•

Classroom interventions are ineffective. Classroom interventions included efforts to
improve achievement, special work with computers (or, in Humbree’s quaint 1990s
parlance “microcomputers”), providing calculators, special techniques, diverse types of
presentations, including small group work. Whole-class psychological treatments were
included under this rubric (Humbree, 1990 p. 42) and;

•

Outside Psychological treatments have mixed results depending upon the method
employed:
o Systematic desensitization combined with anxiety management were quite
effective in reducing mathematics anxiety levels (Humbree 1990 p 43).
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o Group discussion was not effective (Humbree 1990 p 43).
o Cognitive modification to alter faulty beliefs (i.e. “I can’t do this” “If I fail this
test, my future is bleak”) produced a moderate, but short -lived reduction in math
anxiety (Humbree 1990 p 43);
o Cognitive restructuring combined with desensitizaton worked at the same level as
desensitization alone (Humbree 1990 p 43).
Humbree (1990) also reported that his meta-analysis found that the post-treatment math
performance (among the successful treatments) showed an improved mathematics performance
(Humbree 1990 p.43). The ineffective treatments showed no post-test improvement.
In sum, math anxiety is likely a factual phenomenon, though somewhat nebulously
defined. There are researchers who dispute this, asserting that mathematical anxiety is mere test
anxiety. In 1972 the first reliable, validated instrument for measuring math anxiety was
introduced. Since that time, it has been abbreviated. There are now at least half a dozen
inventories available to evaluate mathematical anxiety. The key component of math anxiety
appears to be worry, a state that takes precious mental resources away from math tasks at hand.
Some researchers have proposed ways or explored ways to alleviate mathematics anxiety, but
none has developed a “magic bullet” that will easily dispel the effects of this inhibiting
condition.
Gender Bias in Mathematics
Gender bias in mathematics is a topic that has been the subject of numerous studies. As a
society we tend to attribute boys’ successes in mathematics to ability and girls’ successes to
effort. Conversely, “boys’ failures in math are attributed to a lack of effort and girls’ failures to a
lack of ability” (Espinoza et al., 2013, p. 106). These biases have been shown in previous
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research studies to have been held by parents, teachers, guidance counselors and the students
themselves. These biases are a contributing factor to a student’s self-efficacy and whether they
see themselves as good or bad at mathematics. There are many theories about how the concept of
gender bias came about. The reality is that mathematics education, up until the 1960s was not an
educational priority for the United States and certainly not a priority for females, who were still
confined to more traditional roles. These biases begin early and have been passed on to
succeeding generations. This was revealed in a study of first grade teachers who tended to
overrate male student’s capabilities while underrating female students’ capabilities even though
there were no gender disparities on standardized test scores (Riegle-Crumb & Humphries, 2012).
Nor are parents blameless in perpetuating these biases. They, too, tend to “underestimate their
daughters’ math ability, but overestimate their sons’ math ability” (Espinoza et al., 2013, p. 106).
Riegle-Crumb & Humphries (2012) examined whether the stereotypes held by math
teachers influenced the interactions and evaluations of students with whom they interacted daily.
The researchers found that there is, indeed, a hierarchy of bias. See Figure 3. White males are
perceived as better math students than minority students of either gender. White males, too, are
Figure 3
Riegle-Crumb & Humphries’ (2012) Hierarchy of Bias

perceived as better at math than white females, though to a lesser degree than the bias by race
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(2012). As the researchers point out, teachers are the gatekeepers to math education and math
education is the gateway to high -paying jobs and careers. The present research will add to
Riegle-Crumb & Humphries’ work by examining student self-efficacy in a situation where an
English-speaking, U.S. school has a student body that is overwhelmingly Hispanic. Do teachers
carry – and pass on – the same hierarchy of bias in a situation where it is white males who are
the minority?
These biases have long-lasting effects on students. Mothers’ perceptions were a strong
indicator of later career choices, thereby contributing to the imbalance of females vs. males in
science and mathematics fields. Hughs (2011) showed that there are differences in the teacherstudent and parent-child relationships which are influenced by the duration of the relationship,
frequency of contact, and personal attention. This does not reduce the impact of teachers and
parents on students, especially in developing biases of their own. The impact on students is
critical during the middle school grades when students, curriculum, and expectations begin to
change – and all this coincident with a period of biological transition. It is essential that middle
school teachers are conscious of their own biases and strive to maintain equitable classroom
environments.
Research shows, however, that bringing about a bias-free classroom can be a challenge.
In Espinoza et al.’s 2013 work on attributional gender bias, they performed an experiment with
secondary school math teachers. The researchers took an attitude measurement 4 times; at the
beginning of the experiment (time 1), three months after the intervention (time 2), six months
after the intervention (time 3), and a follow up one year later (time 4). At time 1, the researcher
found the expected biases associated with the entity theory of education. The researchers noted
that educators who subscribe to the entity theory, contrasted with incremental intelligence theory,
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“are more likely to judge individuals on the basis of initial performance, form more rigid
judgments, are more inﬂuenced by their initial expectations when making evaluations, attend
more to stereotype-consistent information, are less likely to believe in their ability to inﬂuence
others’ learning, are less likely to select challenging tasks, and are more interested in making
comparisons between individuals than within-person changes (Espinoza et al., 2013, p.107,
citing Butler, 2000; Hong et al., 1999; Levy et al., 1998; Mangels et al., 2006; Niiya et al., 2004;
Plaks et al., 2001; Pomerantz & Dong, 2006).
Espinoza et al. (2013) found that the experiment’s intervention, material on incremental
intelligence, seemed to have been taken to heart; by Time 2 and Time 3 teachers had reduced
their biases and, surprisingly, had even come to reverse their stereotyped biases, attributing girls’
math success to talent, and boys’ to hard work. Pertinent to the point being made here is this:
after a year, the effects of the intervention had evaporated and the teachers who had received the
intervention reverted to their original attitudes. The biases were persistent.
The research of Pietri et al. (2016) supports and amplifies Espinoza et al.’s 2013 work.
The Pietri et al. team addressed, not primary or secondary school teachers, but a broader range of
individuals drawn from Amazon’s Mechanical Turk.2 Pietri et al.’s goal was to increase what the
researcher termed “bias literacy” through the introduction of various high-quality videos. Bias
literacy is defined as “(a) awareness of bias, (b) knowledge of gender inequity, (c) feelings of
efficacy at being able to notice bias, and (d) recognition and confrontation of bias across
situations” (Pietri et al., 2016). The experiment had one control group and two experimental

2

Amazon’s Mechanical Turk is a business crowdsourcing vehicle. Participants get small payments in exchange for

simple tasks.
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groups, one that viewed short narrative video clips, and one that viewed short video clips of an
interview with an expert on gender bias. In the end, both types of video were shown to be
effective in creating bias literacy.
Espinoza et al. and Pietri et al. are, on the surface, apples and oranges. They can,
however, be harmonized thusly: Both researchers sought an intervention that would bring about
awareness of gender bias and change attitudes. Espinoza et al.’s 2013 research group was, by
definition, an educated group of individuals. Pietri et al.’s group was far larger, far broader and
the education level varied from high school diplomas to doctorates and professional degrees,
skewed toward the higher end. Both researchers created and administered an intervention that
proved to be efficacious. Espinoza et al.’s intervention, however, was time consuming and labor
intensive and required trained individuals to administer (2013). Pietri et al.’s by contrast,
developed an intervention that could be viewed literally anywhere in the world at any time,
merely by accessing it online (in fact, it is currently available on YouTube). If either research can
be said to have a drawback it is that Pietri et al. did not follow up after a time interval to
investigate whether the changes in attitude observed were transitory or persistent.
One researcher stated in an exhaustive, multi-national survey, “To this must be added the
almost invariably gender-biased textbooks used in teacher training, as well as the reinforcement
of gender-stereotyped attitudes that this inculcates among teachers” (Blumberg, 2008, p. 346).
“[G]ender bias in schoolbooks is ‘hidden in plain sight’” (Blumberg, 2009, p. 347). Some
examples: “males provided the leading characters in 75% of the 353 lessons analysed [sic]; they
also made up 87% of those portrayed in 54 biographies” (Blumberg, 2008, p. 348); “the analysis
counted a total of 463 occupations: 84% (391) were ﬁlled by males and 16% (72) by females.
Men were shown as presidents/ kings (N = 89) and soldiers (N = 52), as well as professionals
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and farmers. A few women were shown in traditional jobs, but most were in economically
dependent domestic roles” (Blumberg, 2008, p. 348). In sum, women are portrayed in textbooks
around the world less frequently than men, appear in illustrations less frequently than men, are
portrayed as professionals less frequently than men, and, in general, play a mere supporting role
in the life depicted in said textbooks.
Whereas teachers and staff can be trained, books endure in the school environment for
years, even decades. Though the problem has now been identified, publishers, textbook writers,
and textbook purchasers, too, have their biases; attempts to create and sell gender-neutral books
have not been successful.
When looking at gender bias, it is not a simple concept. One researcher states that gender
operates at three different levels, “the level of individuals (who internalize gender socialization
processes), the interactional level, where men and women confront different cultural
expectations, and the more macro level of social institutions” (Risman, 2004). These cultural
norms often dictate a lower social status for women and leads them to be judged more harshly
and with different expectations from their male counterparts. These societal beliefs begin as early
as three years old and are most evident in classrooms where children spend much of their day.
These beliefs are reinforced when students are exposed to women in traditionally female roles as
elementary teachers and not as mathematics, science, or technology teachers, where they tend to
be underrepresented. Additionally, as mentioned above, textbooks tend to favor males over
females and, when portrayed, females are, again, not represented in what are thought to be
“traditional” male roles. Researchers themselves have defined gender bias differently. Karp &
Shakeshaft (1997) defined gender bias as unequal treatment and expectations due to attitudes
based on the gender of a group. Salkind & Rasmussen (2008) reported that gender bias is the
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differential treatment of individuals based upon their gender. These influences in the classroom
led Fryer & Levitt (2010) to write that while males and females enter kindergarten without any
mean differences in math performance, “in the first six years, girls lose as much as two tenths of
a standard deviation in math performance” (Fryer & Levitt, 2010, p. 214). Their data indicates
that from kindergarten to fifth grade, the number of females achieving the top 5% of
standardized math test scores drops from 45% to 28% (Fryer & Levitt, 2010, p 213).
There is conflicting research as to exactly when the bias begins, with Herbert & Stipek
(2005) arguing that gender bias in mathematics classes begins as early as first grade and remains
level through high school, and Windham (1977) who believes the bias does not begin until late
elementary to middle school. Regardless of when it begins, it is a problem that influences
student’s self-efficacy and ultimately mathematics performance. Adding to the gender bias is the
concept of discrimination that many Hispanic students feel exists in education. One study
reported that “a student’s perceptions of discrimination by teachers is linked to overall academic
progress and a student’s self-efficacy.” The current research will add to this body of knowledge
(Umaña-Taylor, Wong, Gonzales & Dumka, 2012).
Stereotype Threat
Stereotype threat is where members of a group fear, rightly or wrongly, that their
behaviors or abilities reinforce a stereotype that reflects badly on the group being stereotyped.
See, for instance, Steele & Aronson (1995), and Casad et al. (2017). In the current research, the
relevant stereotype is the trope that women underperform in mathematics. The theory is that girls
and women taking math exams suffer from anxiety that stems from fear of contributing to the
myth that women cannot do math. As discussed elsewhere in this paper, anxiety requires
intellectual bandwidth, reducing the amount of concentration available for the task at hand, and
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results in lower performance than would otherwise result. It is an unfortunate irony that a fear of
reinforcing a stereotype, results in reinforcing a stereotype.
Stereotype threat has a related math-attitude phenomenon known as “discounting.” In
discounting, the member of a stereotyped group who, in fact, does poorly in a subject that the
prevailing stereotype suggests they will do poorly in, mentally adjusts the outcome and attributes
at least part of the low performance to situational reasons, rather than personal deficiencies
(Casad et al., 2017, p. 40).
In a serendipitous turn related to the present research, Casad et al. oversampled Hispanic
girls in their study examining stereotype threat and its effect on math outcomes (2017). At the
conclusion of their research, they concluded that, first, middle school girls’ experience of
stereotype threat was different than that of adult women. Second, they found that stereotype
threat for girls was dependent on their situation. Third, they concluded that the strength of a
student’s gender identity (the extent to which one’s gender plays a role in one’s perception of
self) had a negative correlation with a sense of stereotype threat.
The Hispanic Student
Hispanics as a group have been increasing in numbers in our public K-12 schools and
colleges. “In fall 2014, the percentage of students enrolled in public elementary and secondary
schools who were White was less than 50% … for the first time since the collection of data
began and represents a decrease from 58% from 2004. In contrast, the number of Hispanic
students [during the same timeframe] increased from 16% to 26” ("The Condition of Education Preprimary, Elementary, and Secondary Education - Elementary and Secondary Enrollment Racial/Ethnic Enrollment in Public Schools - Indicator May (2020)", 2017). This translates into
12.8 million students in 2018. The high school dropout rate for Hispanics has been declining,
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enrollment in college is increasing, yet many still find higher education out of reach, mostly for
financial reasons. A College Board/National Journal/Next America poll in 2014 stated that 66%
of Hispanic high school graduates either entered the military or went directly to work to help
support their families (as cited by Brownstein, 2014). This was in comparison to 39% of white
students in similar circumstances. While the dropout rate has declined in recent years, the rate of
12% is still higher than African Americans at 7%, whites at 5% and Asians at 1%.
It is common today to find schools with an increased Hispanic population, and in many
parts of the country Hispanic students account for 100% of the population. (Orfield et al., 2012)
showed that schools today are more segregated than they were at the time of Brown v. Board of
Education of Topeka, (1954). This is especially true in parts of California and in the Southwest
United States. This segregation of Hispanic students contributes to the ineffectiveness of these
students to become proficient with the English language, thus remaining at an academic
disadvantage.
Hispanic students are grouped into two subgroups:
… immigrant children, or children of immigrant parents, who speak Spanish and little or
no English when they enter school; and second or later generation children who speak
only English or bilingual children who are fluent in English but possess varied levels of
proficiency in Spanish. (Lindholm-Leary & Block, 2010)
This status as an English Language Learner (ELL) accounts for some differences in math
attitudes and ultimately math achievement. The Early Childhood Longitudinal Study–
Kindergarten Cohort (ECLS-K) provided a detailed depiction of the math achievement of these
students (DiPerna et al., 2007). What is known is that while Hispanic students achieve at a lower
rate in math than white students in grades K-5, the achievement rates vary by subgroups and

53
Hispanic/national origin with Cubans, Puerto Ricans, and South Americans doing better than
Mexican (Roberts & Bryant, 2011). Reardon & Galindo reported that “Hispanic children who
have had the least exposure to and knowledge of English at the start kindergarten have much
lower math achievement at that point than Hispanic children who are proficient in English”
(2007). However, the children with limited knowledge of English have greater relative gains in
math achievement in the early years of elementary school than other Hispanic youngsters”
(Reardon & Galindo, 2007). A 2017 Study by Child Trends reported that Hispanic kindergarten
students are already three months behind in math literacy as compared to white students,
indicating that progress is not being made on closing the achievement gap at the beginning of
(Child Trends Hispanic Institute, 2017, p. 1). That study further found at “fourth grade, the
percentage of non-Latino white students scoring at ‘proficient or above’ levels on the 2015
NAEP math test (51 percent) is nearly twice that for Hispanic students (26 percent); and at eighth
grade, the gap is even wider: 43 and 19 percent, respectively, at proficient or above” (Child
Trends Hispanic Institute, 2017, p. 5). The challenge of ELL students is that the language barrier
is likely to interfere with their adjustment both socially and academically, resulting in fewer
opportunities than Hispanic students who are proficient in English or fully bilingual. These
students will continue to struggle academically, and the academic deficiencies can become worse
as the students move from elementary to middle and high school.
The characteristics of Hispanic students in Public Schools are that 84% were born in the
United States and more than half are enrolled in the states of Texas and California. An additional
13% live in what is termed the “new” Hispanic states of Florida, Georgia, Massachusetts,
Nevada, North Carolina, Oregon, Virginia, and Washington. More than a quarter of Hispanic
students (28%) live in poverty, compared with 16% of non-Hispanic students, this number rises
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to 35% for foreign born Hispanics (Pew Research Center, 2011, Table 1). These household
conditions are defined by larger household sizes, usually living in smaller residences. A sizable
number of parents of Hispanic students have not completed high school and 78% live in a
household where at least one parent speaks little to no English (Pew Research Center, 2011,
Figure 4). In addition, Hispanic students from low income families often attend schools that are
poorly equipped and struggle to recruit and retain effective teachers which contributes to the
achievement gap. An unintended consequence is that Hispanic students are overrepresented in
special education classes and underrepresented in gifted education programs.
Cultural Influences on Mathematics Attitudes of Hispanic Students
For students to succeed in academic settings, young children are expected to demonstrate
behaviors and characteristics that enable their own learning. Hispanic students, many times, do
not come to school equipped with these tools and, therefore, face many special issues in school.
These issues are akin to those faced by other minorities, including the need for adequate funding
for schools serving large numbers of Hispanic students. However, unlike other minorities,
Hispanic students also face special cultural issues that influence student’s self-efficacy, attitudes
towards mathematics, and ultimate academic success. The term Hispanic includes “persons of
Mexican, Puerto Rican, Cuban, Dominican, Central or South American, or other Spanish or
Portuguese culture or origin, regardless of race” ("Census Bureau About Hispanic Origin. U.S.
Government", 2018). Hispanic Americans make up more than 17% of the U.S. population with
over 53 million Hispanics living in the United States. Hispanics come from diverse social,
economic, and geographic backgrounds making them distinct from one another ("Hispanics in
the US Fast Facts", 2020).
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Although Hispanics come from various countries and have varied backgrounds, they
share many of the same beliefs and cultural norms. “The family is of upmost importance in the
Hispanic culture; it has been described as the most important factor influencing the lives of
Hispanics, both today and throughout history” (Salinas, 2013). Allison & Bencomo, (2015) list
ten characteristics of Hispanic families that have an impact on attitudes towards mathematics and
affect self-efficacy and academic success. Three relate to this study:
•

family structure and gender roles,

•

views of education and

•

language.

The family structure of Hispanic families is patriarchal in its structure with males
assuming the role of authority figures in the family. The traditional role of women is that of wife
and mother, providing care for the children and participating in the workforce through the sale of
crafts and raising food. It is these traditional roles that are beginning to change as Hispanic
women assume roles in non-traditional careers, yet many families are still raising their children
in the traditional structure, thus influencing girls’ attitudes towards education and career related
choices.
With respect to Hispanic family views of education, Hispanic families place a high value
on education, yet cultural influences dictate how parental roles impact student attitudes and
learning. Specifically, “mothers influenced their daughter academic motivation to a higher
degree, whereas fathers had a stronger influence on male children” (Ortiz et al., 2012). Cultural
norms also mean Hispanic parents may seem to be uninvolved with their student’s school, when
they are following a cultural script, “which includes respecting the authority of the school to do
its work while maintaining active involvement in the life of the child at home” (Gonzalez et al.,
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2013). Many Hispanic families consider schoolteachers and administrators to be educated
professionals and believe it is disrespectful to offer counsel or to otherwise intrude into the
school sphere. Hispanic families see the importance of mathematics for their children. They
realize that mathematics education is necessary to function in the workplace and that developing
mathematical skills and knowledge is a lifelong process. This process begins with developing a
positive attitude towards mathematics and developing problem solving and critical thinking
skills. However, a study in 2011 found that “Hispanic students had a low self-efficacy on their
perceived mathematical abilities, and this was reflected in their classroom performance” (Rivera
& Waxman, 2011)
Spanish is the primary language spoken in Hispanic families and it is a characteristic that
“unites the groups and bonds generations together” (Allison & Bencomo, 2015). Additionally,
parents vary in their ability to communicate in Spanish and English, and as a result “many
students are not expected to communicate in English until they attend school” (Hammer et al.,
2007). This means that a high proportion of Hispanic children will struggle with English
proficiency and will therefore need to work simultaneously to learn a new vocabulary, construct
multiple meanings of words, and process and communicate mathematical ideas (Bumgarner et
al., 2013). This limited language ability also means that students without English proficiency will
find it difficult to establish relationships with teachers and peers, resulting in being less likely to
ask questions, thereby limiting chances to get clarification or insight into mathematical concepts.
(Ortiz et al., 2017). Rivera & Waxman (2011) found that students who had parents who had
English as the language most spoken at home, had a more positive attitude towards mathematics
and had parents who were more likely to help them with their mathematics work and had more
academic successes than those whose parents had limited English proficiency.
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These cultural influences play a role in the development of mathematics attitudes and in
the stereotype that math is male dominated, and females hold the most negative attitudes towards
mathematics and will be less likely to enroll in upper level mathematics courses in high school or
pursue mathematics or any STEM-related college majors or careers.
Summary
Conflicting evidence-and conclusions-have been presented regarding differences in
mathematics attitudes between males and females throughout their school careers. Some
researchers contend that these attitudes begin before school starts and are influenced by parents
and cultural norms, while others claim these attitudes are influenced by teacher bias and peer
influence during school years. With such conflicting evidence as to the causes of these
differences in attitudes, more data need to be collected to identify the specific roots of these
attitudes, and to address solutions both in and out of the classroom. There are studies suggesting
that these mathematics attitudes, once formed, are set for life and will hang, albatross-like,
around a student’s neck through their academic life, influencing their career choices and
eventually passing these attitudes on to their children like a defective gene. If we cannot identify
the cause of these mathematics attitudes, we cannot begin to fashion a solution. Lacking a
solution, these attitudes and the ills that follow them, will continue to play a significant role in
what women and men’s roles will continue to be in our society.
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CHAPTER THREE: METHODS
Overview
This study expanded upon previous research on student attitudes towards mathematics
and whether there is a difference between male and female Hispanic students in a certain large
Florida school system. The study surveyed students in grades 9-12 to determine if a difference in
attitudes existed between genders. In this chapter, the research design and procedures as well as
the participants, setting, and the specific instrument to be used are detailed.
Design
A quantitative, causal-comparative design was used to determine whether there was a
difference between Hispanic male and female high school students’ mathematics attitudes in the
ATMI domains of Motivation, Self-confidence, Value, and Enjoyment. Causal comparative
research is appropriate here as the independent variable, gender, cannot be manipulated by the
researcher (Gall et al., 2007). This design explored differences between groups (males/females)
using statistical analyses. This study was non-experimental as the selection of participants was
not random; the students attended the schools that were used in the study (Gall et al., 2007). The
dependent variables in the study were the math attitudes of the student participants as defined by
their responses on the Attitudes Towards Mathematics Inventory (ATMI) instrument.
Research Question
RQ1: Is there a difference between male and female Hispanic high school students
attending a large Florida public school system in their mathematics attitudes as measured by the
ATMI on the subscales of self-confidence, value, enjoyment, and motivation?
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Null Hypotheses
H01: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Motivation.
H02: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Self-confidence.
H03: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Value.
H04: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Enjoyment.
Participants and Setting
The study was conducted in a large Florida public school system. This system has a
student population of about 211,000 individuals spread out over slightly fewer than 200 schools.
The population of the county where this school district functions is about 30% Hispanic,
but the school system shows that 42% of the school system’s 57,000 high school students selfidentify as Hispanic.
Hispanics make up a significant share of Florida’s total population. “Nearly one out of
every four Floridians is Latino. Of the states with the largest Latino populations in the United
States, only in New Mexico, Texas, California, and Arizona do Latinos account for a larger share
of their state’s respective population” (Gutierrez, 2016)
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The population of the school system is made up of (a) students with Continental U.S.
backgrounds who speak English exclusively; (b) students with Continental U.S. backgrounds
who speak English as a first language and Spanish as a second language; (c) students with a
Hispanic cultural background, who use Spanish as their first language and English as a second
language and; (d) and students with Hispanic heritage who speak Spanish almost exclusively or
who have only a rudimentary command of English. This high concentration of Hispanic students
gave the study a unique population to survey and a chance to fill gaps in the research with
respect to Hispanic students ("Orange County Public Schools," 2019).
It is of note that in Hispanic culture sex roles are sharply defined. The women’s architype
is “Marianismo,” referring to a woman who is “self-sacrificing, religious, and is responsible for
running the household and raising the children” (Skogrand et al., 2005, p. 2). This is not to say
that all Hispanic women adhere to the patriarchal system. Many women have encroached upon
the former all-male domains of business and sports, particularly in urban areas where Hispanics
are making progress by increasing their high school graduation rates by more than 14%
(Gándara, 2015). Women’s and girl’s traditional roles simply to not encompass or require
mathematics.
Sample
One thousand, one hundred, eleven surveys were received. Three surveys were rejected
for being incomplete (which suggested a minor error of some kind, since surveys left incomplete
should have been automatically scrubbed from the system). Of the remaining surveys, 316 selfidentified as Hispanic, which according to Warner (2013, p 795) exceeded the required minimum
of 126 participants for a medium effect size with statistical power of .70 at the .05 alpha level.
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The response rate for Hispanic students was about 28% in a school system where 42% of
students self-identify as such.
The sampling procedure for this study was a convenience, non-random sample. The
students were readily available, and the teachers and administration were willing to help in the
survey process. Convenience sampling is not random. A convenience sample is one that is easily
available to the researcher by dint of geography, time, and/or access to willing subjects.
Convenience sampling is also known as Accident Sampling and Haphazard Sampling (see, for
instance, Etikan et al. (2016, p.2).
Instrumentation
The Attitudes Towards Mathematics Inventory (ATMI), is a 40-question, four-domain
survey designed to measure high school and college students’ attitudes toward mathematics. The
ATMI is unique among mathematics assessments; whereas it is designed to capture data on
multiple facets of math attitudes, as are other instruments, the short ATMI is also designed to be
brief. Typically, the short ATMI can be taken in about 10 minutes.
Logical validity was achieved using definitions of the variables based on D. Neale’s
article, “The Role of Attitudes in Learning Mathematics” (1969). Each variable was linked to
specific instrument items. For instance, self-confidence was defined as a belief that one is good
or bad at mathematics, and motivation was defined as a tendency to engage in or avoid
mathematical activities. Items were then correlated with the traits. To measure self-confidence, a
question asks the student to agree or disagree with the statement “My mind goes blank and I am
unable to think clearly when working with mathematics” (Majeed et al., 2013 p. 128). To
evaluate motivation, a student is asked to agree or disagree with the statement “I am willing to
take more than the required amount of mathematics” (Majeed et al, 2013, p. 129).
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The ATMI instrument was modified from 49 items and in its current format contains only
40 items once the authors deleted items that had an extremely low item-to-total correlation.
When the new, shorter ATMI was compared with its progenitor, the short ATMI was shown to
have a strong correlation, with a mean r value of .96. Internal consistency of the subscales
averaged α = .87. Overall internal consistency of the short ATMI came in at α = .93 (Lim &
Chapman, 2012). The reliability of the instrument has a Cronbach’s alpha of 0.963.
By cross-checking the ATMI with other measures of math anxiety, with standardized
math scores and with and between its own subscales, the ATMI’s validity was validated (Lim &
Chapman, 2012, p. 145). In a typically hectic school day, when administration time is dear, the
ATMI is a good option for investigation, as it can be completed in 10 minutes or less (Lim &
Chapman, 2012). The short ATMI has been used with fifth through 12th grade students. Tapia &
Marsh also used the study with American college students showing it to be an extremely reliable
and valid instrument.
The maximum number of points for the survey is 200 and the minimum score is 40. The
sum of the subscales gives the total score of a student’s attitudes towards mathematics. The
higher the score on the ATMI, the more positive the student’s attitude towards mathematics. The
instrument was designed to be executed online, and the student participants took the survey via a
link provided to them by their schools. Permission to use the ATMI was obtained from Martha
Tapia, Berry College, Georgia. That permission letter can be found in Appendix A.
Procedures
The large Florida public school system that cooperated in this study had specific
requirements for the administering of surveys and collecting of student data. Permission was
required, and was received, from their Office of Research. See Appendix B.
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After all permissions were received, final IRB approval was obtained from Liberty
University. See Appendix C. This researcher was prohibited from obtaining student information
from the school system, so implied consent forms were sent to all eligible students via the school
system. The implied consent form described the study, its purpose and voluntary participation.
The school district sent out an all-call to parents advising them of the research being conducted
and the procedure to have their student opt out of the survey. There was no training necessary
prior to the survey and each participant had access to a computer.
The school system’s Office of Research provided a window of two weeks for students to
complete the survey. Each student was provided with the survey link (See Appendix D). They
could opt out by simply choosing not to take the survey. The survey was designed to take each
student approximately 10-20 minutes to complete and did not require any additional materials or
personnel to complete. At the end of the time window, the data was downloaded into an Excel
spreadsheet. Because some questions were asked in a negative way, the scores for those
questions had to be inverted before being tabulated.
ATMI measures how positively a person feels about math, so a question that asks how
strongly one agrees with a negative statement like “I am always under a terrible strain in math
class” gets its score inverted. Since we are measuring positive feelings towards math, a strong
agreement (5) with a negative statement gets scored as a 1. A weak agreement (1) with a
negative statement gets scored as a 5.
After making the required score adjustments, the data were aggregated and entered into
SPSS to begin analysis.
I have sent a thank you letter to the school district that cooperated with me, as well as to
the school principals who had the final say over surveys at their schools.
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No survey, once completed, will be available to students or parents. In fact, there is
simply no way to match an anonymous survey with any individual. Results of the survey, in the
form of a copy of my dissertation, are available upon request.
Data Analysis
A MANOVA (multivariate analysis of variance) was used for this study. MANOVA is
suitable for the testing of hypotheses that have two independent variables and four dependent
variables (Warner, 2013, p. 779). The current study has precisely that. MANOVA was to reveal
the differences, if any, in dependent variable means between the two groups.
For MANOVA to be valid, data screening was required. The assumption of Homogeneity
of Variance-Covariance matrices was checked using Box’s M test of covariance. The assumption
of multivariate normal distribution was examined using scatterplots. Because the sample size
was greater than 50, the one-sample Kolmogorov-Smirnov test was used to test for normality.
Box and whisker plots were used to check for outliers. Finally, the absence of multicollinearity
was examined using a Pearson product-moment test. The dependent variable should be all
moderately related, but any correlation over .80 presents a concern for multicollinearity.
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CHAPTER FOUR: FINDINGS
Overview
The purpose of this study was to begin to fill a gap in the pedological research as it
pertains to Hispanic students. There is a relative dearth of information on this important segment
of the population, a segment that is going to impact the education system in ways that educators
can neither predict, nor prepare for.
This research examines whether there is a statistically significant difference between the
math attitudes of Hispanic male and Hispanic female students. The question is addressed using a
valid, reliable instrument, the ATMI, which has four subscales so, thus, four null hypotheses are
presented and examined.
This chapter will present the descriptive statistics that were obtained from the study.
Following that is a presentation of the data screening required for a valid MANOVA and the
rationales for continuing the analysis despite some irregularities in the data.
This chapter will close with the results of the MANOVA. The SPSS output leads this
researcher to reject the null hypotheses that there is no difference between male and female
Hispanic students on the ATMI subscales of Motivation, Self-confidence, and Enjoyment, and to
accept the null hypothesis as to differences between male and female Hispanic students on the
ATMI subscale of Value.
Research Question
The research question for this study was:
RQ1: Is there a difference between male and female Hispanic high school students
attending a large Florida public school system in their mathematics attitudes as measured by the
ATMI on the subscales of motivation, self-confidence, value, and enjoyment?
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Null Hypothesis
The null hypotheses for this study were:
H01: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Motivation.
H02: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Self-confidence.
H03: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Value.
H04: There is no significant difference between male and female Hispanic high school
students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Enjoyment.
Descriptive Statistics
Data obtained for the dependent variables, enjoyment, usefulness, and total value, can be
found in Table 1
Table 1
Descriptive Statistics
Subscale
Motivation
Self-Confidence
Value
Enjoyment

Gender
Male
Female
Male
Female
Male
Female
Male
Female

Mean
14.90
13.24
46.95
40.58
33.02
30.84
29.63
25.80

SD
6.002
5.904
15.471
15.407
10.682
9.763
11.446
10.417

N
125
191
125
191
125
191
125
191
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On the motivation subscale, males (M=14.90, S.D.=6.002) scored higher than females
(M=13.24, S.D.=5.904). On the self-confidence subscale, males (M=46.95, S.D.=15.471) scored
higher than females (M=40.58, S.D.=15.407). On the value subscale males (M=33.02,
S.D.=10.682) scored higher than females (M=30.84, S.D.=9.763). On the enjoyment subscale
males (M=29.63, S.D.=11.446) scored higher than females (M=25.80, S.D.=10.417).
Results
Data Screening
Data screening was conducted on each group’s dependent variables (Motivation, Selfconfidence, Value and Enjoyment) to search for inconsistencies and extreme outliers. No data
errors or inconsistencies were noted. Box and whiskers plots for each group were used to display
data to look for extreme outliers. No outliers were identified. See Figure 4 for Box and Whiskers
plot for Motivation, see Figure 5 for Box and Whiskers plot for Self-confidence, see Figure 6 for
Box and Whiskers plot for Value, and see Figure 7 for Box and Whisker plot for Enjoyment.
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Figure 4
Box and Whisker Plot of Motivation

Figure 5
Box and Whisker Plot of Self-confidence
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Figure 6
Box and Whisker Plot of Value

Figure 7
Box and Whisker Plot of Enjoyment

Assumptions
To conduct a one-way multivariate analysis of variance (MANOVA) on the data,
assumption tests of normality, the assumption of multivariate normal distribution, and
assumption of homogeneity of variance were used to test the validity of the data.
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Normality was examined using a Kolmogorov-Smirnov test. See Table 2 for results of the
Kolmogorov-Smirnov test.
Table 2
Kolmogorov-Smirnov Test for Normality
Subscale
Gender
Motivation
Self-Conf.
Value
Enjoyment

Male
Female
Male
Female
Male
Female
Male
Female

Statistic Df Sig
.089
.117
.083
.079
.087
.087
.088
.088

125
191
125
191
125
191
125
191

.017
.000
.033
.006
.020
.001
.019
.001

Because the significance level is below 0.05 for all variables, it was concluded that the
data violated the assumption of normality for both sexes on all subscales. The MANOVA,
however, when N> 30, is robust to violations of normality. According to Warner (2013),
MANOVAs are less sensitive to violations of normality when N is large. With this study’s
N=316, it was this researchers’ judgment to ignore the violation of normality and continue with
the data screening.
The researcher used a series of scatterplots to test the assumption of multivariate normal
distribution. A scatterplot matrix was plotted for each group of dependent variables against each
of the other dependent variables. This was done for both sexes. See Figure 8, Figure 9, Figure 10,
Figure 11, Figure 12, and Figure 13 for scatterplots. All scatterplots demonstrated a linear
relationship.
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Figure 8
Scatterplot, Motivation/Self-Confidence. Males on Left, Females Right.
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Figure 9
Scatterplot, Motivation vs. Value. Males on Left Females Right
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Figure 10
Scatterplot, Motivation vs. Enjoyment. Males on The Left, Females Right.

Figure 11
Scatterplot, Self-confidence vs Value. Males on the left, females right
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Figure 12
Scatterplot, Self-confidence vs Enjoyment. Males on the left, females right.

Figure 13
Scatterplot Value vs Enjoyment. Males on the left, females right.

A Levene’s test was used to test the assumption of homogeneity of variance. The
assumption was met for motivation, (p = .831), self-confidence (p=.795), value (p=.786) and for
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enjoyment (p=.178). See Table 3 for the Levene’s Test.
Table 3
Levene's Test of Homogeneity of Variance
Value
F
df1
df2
P
Motivation
.046
1
314
.831
Self-Confidence
.047
1
314
.795
Value
1.239
1
314
.786
Enjoyment
1.826
1
314
.178
Tests the H0 that the error variance of the dependent variable is equal across groups.

The assumption of non-multicollinearity was tested using a Pearson Product Moment test
to ensure that the predictor variables are not correlated with each other. The numbers needed to
detect multicollinearity have been put into bold type in Table 4. There was no multicollinearity
between Motivation and Self-Confidence as assessed by Pearson correlation (r = .793, p < .001).
There was no multicollinearity between Motivation and Value as assessed by Pearson correlation
(r = .773, p < .001). There was multicollinearity between Motivation and Enjoyment as assessed
by Pearson correlation (r = .868, p < .001). There was no multicollinearity between Selfconfidence and Value assessed by Pearson correlation (r = .641, p < .001). There was
multicollinearity between Self-Confidence and Enjoyment as assessed by Pearson correlation (r
= .823, p < .001). There was no multicollinearity between Value and Enjoyment as assessed by
Pearson correlation (r = .782, p < .001). In sum, the Enjoyment subscale showed some
multicollinearity with two of the other subscales. Because the ATMI is a reliable, valid
instrument of longstanding, and the fact that the MANOVA is robust to some violations of
assumptions, the researcher determined to carry on with the analysis.
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Table 4
Pearson Product Moment Test

Despite the violations of assumptions, the MANOVA is robust, especially with a large
sample size (Warner, 2013). Therefore, the data were analyzed using a MANOVA. The results
from SPSS are presented in Table 5. Selecting the Wilks’ Lambda test (bolded in the table) the
researcher determined that there was a statistically significant difference between the sexes on
the combined dependent variables, F(4, 311) = 3.549, p < .05; Wilks' Λ = .956, partial η2 = .044.
The null hypothesis was rejected.
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Table 5
Multivariate Tests

The statistical significance of the MANOVA required the data to be analyzed
individually using ANOVA to detect the source of said difference. See Table 6.
Table 6
Between-subjects differences
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Summary of Hypotheses
Null Hypothesis 1
Motivation, alpha <.05. There was a statistically significant difference in Motivation
scores between Hispanic male and female students who participated in the study. Null
Hypothesis 1 was rejected.
Null Hypothesis 2
Self-confidence alpha <.001. There was a statistically significant difference in Selfconfidence scores between Hispanic male and female students who participated in the study.
Null Hypothesis 2 was rejected.
Null Hypothesis 3
Value alpha >.05. There was no statistically significant difference in Value scores
between Hispanic male and female students who participated in the study. Null Hypothesis 3 was
not rejected
Null Hypothesis 4
Enjoyment alpha <.05. There was a statistically significant difference in Enjoyment
scores between Hispanic male and female students who participated in the study. Null
Hypothesis 4 was rejected.
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CHAPTER FIVE: CONCLUSIONS
Overview
Chapter Five discusses the findings of this study with respect to the existing body of
knowledge and addresses the limitations contained in the study. The chapter also discusses the
implications of the study and recommendations for future research related to Hispanic Students
in our public schools.
Discussion
The purpose of this quantitative, causal-comparative study was to investigate if there is a
difference in math attitudes between male and female Hispanic students in a large Florida school
system, as measured by the Tapia & Marsh subscales of motivation, self-confidence, value, and
enjoyment (Tapia & Marsh, 2004). The Attitudes Towards Mathematics Inventory (ATMI) was
administered to students in a large Florida school system. Surveys from students who selfidentified as Hispanic were analyzed to understand the relationship, if any, between gender and
the four subscales of the survey.
The literature review for this study highlighted the lack of research being conducted on
Hispanic students who represent the largest growing population in our school systems.
According to the United States Census Bureau “the number of Hispanic students enrolled in
schools, colleges and universities in the United States doubled from 8.8 million to 17.9 million.
Hispanic students now make up 22.7 percent of all people enrolled in school” ("Census Bureau
About Hispanic Origin. U.S. Government", 2018). Most of the previous research on mathematics
attitudes was conducted on elementary students using the Math and Me Survey (Adelson &
McCoach, 2011), on middle school students using the (ATMI) (Middleton et al., 2013) and
(Herges et al., 2017), or on foreign higher education students outside of the United States (Afari,
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2013), (Middleton et al., 2013), (Li & Yang, 2018), and (Karjanto, 2017). The use of the ATMI
at the high school level was used to further the discussion on single gender classrooms
(Burroughs & Deshler, 2015) and as a comparison of a traditional math classroom and a flipped
classroom (Zack et al., 2015). The lack of Hispanic studies highlights the need for research into
this sector of our schools. The literature review also highlighted the unique culture that Hispanics
bring not only to the United States, but to our classrooms and how that culture influences the
division between traditional and modern ways of life. Hispanic culture has very traditional ideas
of what gender norms are and how they impact the attitudes of Hispanic students and their future
roles in society.
Results for Research Question
RQ1. Is there a difference between male and female Hispanic high school students
attending a large Florida school system on their attitudes towards mathematics on the subscales
of motivation, self-confidence, value, and enjoyment?
H01. There was a significant difference between Hispanic male and female Hispanic high
school students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Motivation. Motivation, p <.05. There is a statistically
significant difference in Motivation scores between Hispanic male and female students who
participated in the study.
Null Hypothesis 1 was rejected. The male group scored higher than the female group on
the ATMI Motivation subscale. Male’s M=14.9 and Female’s M=13.24. SPSS analysis showed
that the difference in scores was statistically significant. Hispanic males had a higher level of
positive attitudes towards mathematic than did their female counterparts.
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H02. There was a significant difference between Hispanic male and female Hispanic high
school students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Self-confidence. Self-confidence p <.001. There was a
statistically significant difference in Self-confidence scores between Hispanic male and female
students who participated in the study.
Null Hypothesis 2 was rejected. The male group scored higher than the female group on
the ATMI Self-confidence subscale. Male’s M=46.95 and Female’s M=40.58. SPSS analysis
showed that the difference in scores was statistically significant. Hispanic males had a higher
level of positive attitudes towards mathematic than did their female counterparts.
H03. There was no significant difference between Hispanic male and female Hispanic
high school students attending a large Florida school system in their attitudes towards
mathematics as measured by the ATMI subscale of Value. Value p >.05. There was no
statistically significant difference in Value scores between Hispanic male and female students
who participated in the study.
Null Hypothesis 3 was not rejected. The male group scored higher than the female group
on the ATMI subscale of Value. Male’s M=33.02 and Female’s M=30.84. SPSS analysis showed
that the difference in scores was not statistically significant. Though Hispanic males had a higher
level of positive attitudes towards mathematics on the Value subscale than did their female
counterparts, the difference was not significant.
H04. There was a significant difference between Hispanic male and female Hispanic high
school students attending a large Florida school system in their attitudes towards mathematics as
measured by the ATMI subscale of Enjoyment. Enjoyment p <.05. There was a statistically
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significant difference in Enjoyment scores between Hispanic male and female students who
participated in the study.
Null Hypothesis 3 was rejected. The male group scored higher than the female group on
the ATMI subscale of Enjoyment. Male’s M=29.63 and Female’s M=25.80. SPSS analysis
showed that the difference in scores was statistically significant. Hispanic males had a higher
level of positive attitudes towards mathematic than did their female counterparts.
Discussion
Else-Quest et al. (2013) found that gender differences in math attitudes were, of all
demographics studied, the most marked among Latinos. Though the current study did not
examine inter-cultural differences, but only intra-cultural differences, the results generally
support the findings that there is a difference in math attitudes between male and female
Hispanic students, since males in this study outscored females on all ATMI subscales (though
the males’ edge was significant on only three of the scales). Nazier et al. (2014) investigated the
timing of the divergent changes and their impact on student success and reported that there are
no gender differences in mathematics attitudes at nine years of age, minimal differences at 13,
and large differences at 17. Robinson (2010) reported that according to the National Assessment
of Educational Progress (NAEP), the gender gap in mathematics for 17-year-olds was eight
points favoring males in 1973. Over the next two decades the gap began to narrow and since
1990 has remained steady between three and six points (Robinson, 2010). The current study did
not examine math performance, but, if it is presumed, a posteriori, that math attitudes correlate
positively with math achievement, this study supports Robinson’s findings.
The current study supports the finding of statistically significant differences in math
attitudes between male and female students in high school in the domains of Motivation, Self-
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confidence and Enjoyment with no statistical difference in the domain of Value. The next logical
inquiry is to examine what shapes those attitudes. The research finds the attitudes of students are
a combination of factors, most importantly family and teachers. Soni & Kumari (2015) wrote
that family plays a key role in determining attitudes and academic achievement of students and
their beliefs in their children’s abilities are the single most important factor in determining later
performance and successes. They also reported parental support and encouragement is positively
correlated with mathematics achievement. This concept, combined with Allison & Bencomo’s
conclusion that Hispanic culture, with its traditional – and, frankly, low - expectations of a
woman’s contribution to a household (e.g. raising food and selling crafts) leads inexorably to this
researcher’s suspicion that Hispanic girls’ overall low scores on the math attitudes subscales is
directly related to their cultural norms. The results of this study support the conclusions of both
Soni & Kumari, and of Allison & Bencomo, though not specifically addressing the mechanism
involved in creating the sex differences in attitudes. In fact, this study, combined with Soni &
Kumari’s suggests possible avenues for further research, as discussed later in this chapter.
Regal and Crumb (2012) attributed teacher influences coming from several factors, one
being that teachers tend to overrate male students’ math abilities while underrating females’.
This researcher’s findings do not support that attribution. Since teacher attitudes are removed
from this study, and the Robinson findings are reinforced, the conclusion is that teacher attitudes
may affect performance, but that the math attitudes precede teacher influence in the ordo
cognoscendi. Contrariwise, Hispanic students are often over-represented in low track classes
(Burris & Welner, 2005). The incongruence between Hispanics’ representation in the population
at large, and the representation in AP classes may be attributed to academic self-efficacy and
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self-concept, which have been shown to influence academic performance and, ultimately, career
options and choices (Walker & Pearsall, 2012).
Bumgarner et al. (2013) proposed the struggle with English proficiency is another reason
that it is difficult for Hispanic students to establish relationships with peers and teachers, thus
resulting in lower academic outcomes and, in turn, poorer attitudes towards mathematics. Since
the current study did not examine nor compare intra-cultural scores, the intersection of
Bumgarner’s work and the study under consideration suggests new avenues of study.
The difference in scores between male and female students plays out culturally in how
parents of Hispanic students deem their mathematical competence for boys to be related to talent
and mathematical competence for girls to be related to effort (Vallejo et al., 2015). The results of
this study, while not being able to pinpoint a cause, certainly supports Vallejo, et al.’s
observation of a significant difference in math attitudes between the sexes.
Assante (2012) asserted that the negative math perceptions, combined with parents’
attitudes, and social and cultural perceptions of what is appropriate for girls and what is
appropriate for boys continues to contribute to the differences in attitudes towards mathematics.
As to understanding math’s value, this study directly contradicts the conclusions in "Maths is the
true language of science" (2018) which asserted that an understanding of math’s value will ignite
math motivation and other positive attitudes. This study found, in fact, that for Hispanic females,
no correlation exists between understanding of math’s value, and any motivation to study math.
In fact, for the females in this study, assigning value to math did not translate into positive
attitudes on any other subscale.
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The conclusion is that male and female Hispanic students in the large Florida school
system studied are equally cognizant of the value of mathematics. They are equally aware of its
key position in getting into good colleges and achieving a satisfying career.
That recognition of value, at least for females, did not translate into Motivation, Selfconfidence or Enjoyment. The awareness of value appears to prompt Motivation, Selfconfidence and enjoyment for male Hispanic students in a way that leaves the female students
largely unmoved.
Implications
This study, though not the first, is one of the earliest studies to examine differences in
math attitudes between Hispanic male and female students at the high school level. As discussed
in other sections of this paper the U.S. Hispanic population is one of this nation’s fastest growing
segments, yet one of its least studied. While literature regarding other minority students and math
achievement is plentiful (see, for instance: Diemer et al., 2016; Gibbs et al., 2016; Gutman, 2006;
Jones & Ford, 2013; Stone & Hamann, 2012; Tomes, 2008; Trent & Gilman, 1985). Hispanic
students, by comparison, get short shrift. U.S. schools, teachers, and counselors are all facing an
influx of students with cultural and educational needs that we have not researched, and that the
education system may not be ready to meet. The dearth of research is a situation on a collision
course with the future.
Hispanic culture has features that, this researcher theorized, would stratify male and
female math attitudes. With the culture’s emphasis on traditional sex roles, it was expected that
males would dominate over females in all areas of math attitudes. In fact, for all four of the four
facets of math attitudes measured, that was, indeed, the case, though the difference was
statistically significant for only three of the four ATMI subscales.
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In the ATMI subscale of Value, the difference was not statistically significant. This
suggests that, within the limits of the schools and students examined, the schools’ teachers and
staff, as well as parents are successfully conveying to Hispanic students of both sexes the
importance of mathematics. Both sexes generally show an appreciation of math as the gateway to
good schools and good careers.
There is, however, a disconnect between Value on the one hand, and the other ATMI
subscales of Motivation, Self-confidence, and Enjoyment on the other. It is a puzzle how female
students can appreciate the value of mathematics, can see the future that it can offer, yet,
somehow, fail to achieve the same Motivation to excel as do boys. The other subscales are like
dominoes. If a person is not motivated to try math, they can never know if it is enjoyable, nor
will they ever achieve parity in self-confidence. It is a damning statistic that in the measurement
of Enjoyment of Mathematics the mode for Hispanic girls was 5, the lowest possible score,
accounting for over 10% of respondents. This implies that educators are missing some key bit of
information necessary to help students connect their knowledge of Value to internal Motivation.
Despite this study’s limited scope and lack of random selection, this study is, if not a call
to action, at least a call to research. We have a generation of Hispanic girls-smart, capable girls
with enormous potential-and we are losing them. Since this study included only high schoolers,
in fact this generation may already be lost. Before America loses the next generation – or even
the next high school class – researchers and front-line educators must figure out the source of
these disparities.
Empirically the next issue is one of cultural sensitivity and inclusiveness. If it is shown
that it is the features of Hispanic culture itself where the roots of the problem lie, educators and
administrators need to be trained to mitigate the cultural features that hold girls back, while
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simultaneously showing respect to the selfsame culture. Educators must unlock the puzzle box of
how to convey to young Hispanic girls that they can be doctors, mathematicians, and Nobel prize
winners, and leave an imprint that can overcome – or at least complement – their families’
expectations.
This researcher is aware that this paper raises sensitive questions of sex and culture.
When this paper is disseminated and digested it is this researcher’s devout hope that it sparks
other questions, better questions, uncomfortable questions, and that those questions lead to more
research, to theories, and, finally, into tools we can apply in our classrooms.
Limitations
Several limitations of the study may have affected the data. Issues beyond the
researcher’s control include the ability of the researcher to contact students and teachers directly
to solicit support for survey completion, the limited time window granted by the school district
and the calendar time given for the survey which limited the participation by 12 th graders who
were already preparing for graduation and not in school full time. Despite these limitations, the
researcher was gratified to receive surveys far in excess of what was needed for statistical
significance.
As noted elsewhere, the data collected did not conform to normal distribution. This might
be because the sample was not random and that participants self-selected. Perhaps, given the
opportunity to let off steam about math, the survey attracted people from the extremes of positive
math attitudes. It is even possible for participants to have taken the survey multiple times. Due
to the limited sample size in the study and because of the limitations placed on the researcher by
the cooperating school system, this study cannot be generalized to the school system at large.
Because the research used only the responses of self-identified Hispanic students, the research
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cannot be generalized to the population at large. The researcher attempted to obtain a sample that
was on a par with school districts with large Hispanic populations. This variation was not
deemed a significant difference as the overall high school population in the cooperating school
system is similar to the demographic of the school systems in the United States with similar
Hispanic populations in grades 9-12. Another limitation was the grade level of the students.
Although the Attitudes Towards Mathematics Inventory (ATMI) has been given at lower and
higher grades, these uses of the ATMI did not specifically target Hispanic populations in lower
grades and therefore the conclusions reached in this study may not apply to those grade levels.
Recommendations for Future Research
This study has educational implications, as Hispanics continue to grow in numbers, not
only in the United States, but in our public schools. Future researchers need to determine at what
grade or age the attitudes towards mathematics begin to change so that educators can intervene.
There must be additional research studies conducted regarding these time periods and
mathematics attitudes. Once researchers have obtained substantial evidence to determine the
point at which mathematics attitudes begin to change and if this change is influenced by gender,
ethnicity or by grade level, we can begin to address the issues in our public schools.
This study may be duplicated, and the data could be separated out by gender, ethnicity,
and grade level from elementary to high school. This study, if duplicated, should offer a Spanish
language option, as it is possible that this research failed to capture key information due to the
target population being unable to read the survey. Once educators know when the attitudes begin
to change, the teachers at that grade level can begin to provide appropriate interventions to the
students most at risk. Since mathematics attitudes are influenced by numerous variables, schools
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my want to include teachers, parents, administrators, school psychologists and community
leaders as mentors to help change these attitudes.
A goal for further research should be to partner with a school district to do these surveys
on a wider basis. The convenience sample makes for weak conclusions. A large, truly random
sample of students would be the gold standard for this research. A suggestion for future research
is to repeat the study with a broad population and then stratify it by culture to see if there is a
correlation between other ethnic groups and mathematics attitudes.
Another suggestion for future research is to repeat this study including children of other
ethnicities. A portion of the instant paper focused on Hispanic culture and its affinity for
traditional sex roles. Further study is needed to explore the question of whether Hispanic
emphasis on those sex roles exaggerates the differences observed between male and female
Hispanic students.
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Appendix B: Research Permission from School System

OCPS Application to Conduct Research
Research Notice of Approval
Approval Date: 4/18/2019

Study ID: [800]

Expiration Date: 4/17/2020
Project Title: GENDER DIFFERENCES IN ATTITUDES TOWARD MATHEMATICS OF HIGH SCHOOL
HISPANIC STUDENTS
Requester: Leslie McClammy
Sponsoring Agency/Organization/Institutional Affiliation: Liberty University

Thank you for your request to conduct research in Orange County Public Schools. We have
reviewed and approved your application. This Research Notice of Approval (R-NOA) expires one
year after issue date, 4/17/2020.

Additionally, we have received principal approval from the following schools to participate in
your study:

Traditional schools:
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•

Olympia High: Principal Guy Swenson, guy.swenson@ocps.net

If you are interacting with OCPS staff or students, you may email the school-based or districtbased administrators who have indicated interest in participating, including this notice as an
attachment. After initial contact with applicable administrators, you may email any necessary
staff included in your application. This approval notice does not obligate administrators,
teachers, students, or families of students to participate in your research study/project;
participation is entirely voluntary.

OCPS badges are required to enter any OCPS campus or building.
•

All external researchers (non-OCPS employees) intending to visit an OCPS campus or
building must undergo a FDLE/FBI Level II background screening in order to gain access
to our facilities, staff and students. The screening will be similar to the one utilized by our
district for our instructional vendors. Pending review of the screening, the school board
will determine if you are eligible to enter our facilities and interact with administrators,
faculty and students by issuing an OCPS Approved Researcher badge.

After you pick up your badge(s), we require that the Primary Investigator (PI) email
research@ocps.net with a copy of the scanned images of all badges issued to the research
team for our records. Upon verification of security clearance, the R&E department will email
the PI and the participating administrator(s) at all applicable OCPS sites with a copy of your
approved security clearance form.
You will not be allowed access to OCPS campuses/buildings, staff or students until you
receive the security clearance form provided by the R&E department.
If you have any questions regarding your badge, please email keith.card@ocps.net and copy
research@ocps.net.

You are required to bring the following items with you every time you visit an OCPS facility:
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1. Copy of your R-NOA (research notice of approval)
2. Copy of your OCPS Security Clearance Form
3. OCPS badge

You are responsible for submitting a Change/Renewal Request Form to this department prior to
implementing any changes to the currently approved protocol. If any problems or unexpected
adverse reactions occur as a result of this study, you must notify this department immediately.
Allow 45 days prior to the expiration date, if you intend to submit a Change/Renewal Request
Form to extend your R-NOA date. Otherwise, submit the Executive Summary (along with the
provided Cover Page) to conclude your research with OCPS and within 45 calendar days of the
R-NOA expiration. Email the form/summary to research@ocps.net. All forms may be found at
this link.

Should you have questions, need assistance or wish to report an adverse event, please contact us
at research@ocps.net or by phone at 407.317.3370.

Best wishes for your continued success,

Xiaogeng Sun, Ph.D.
Director of Research and Evaluation
xiaogeng.sun@ocps.net
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Appendix C: Liberty University IRB Approval
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ANNUAL REVIEW FORM
For projects in which data collection lasts longer than one year, an annual review form must be
submitted to the IRB. It is the principal investigator’s and faculty sponsor’s responsibility to turn
in this form prior to study expiration (one year from the original date of approval). This form can
be submitted by email as a scanned document to irb@liberty.edu or by fax to 434-522-0506.
If you need to review your original application, or if you have any questions, contact the IRB.

STUDY INFORMATION
Approval Number:
Project Title:
Project Duration:

(Start Date)

(Expected End Date)

PERSONNEL INFORMATION
Principal Investigator:
Phone Number:

Email:

Department/School:
Faculty Advisor (If Applicable):
Phone Number:

Email:
PROJECT STATUS

Continuing (No changes in procedure, risk, or class of human subjects as outlined in the
approved protocol)
Research is expected to be completed by:

(Date)

Research has not started, but is expected to begin:
Complete (No more research is to be done)

(Date)
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Research will not be performed.
Note: Any changes to the protocol must be approved by submitting a Change in Protocol Form

**COMPLETE THIS SECTION IF YOU CHECKED “CONTINUING” ABOVE**
Total # of Subjects Studied to Date:

Total # of Subjects Still to be Studied:

Have any risks or unanticipated results become apparent since the last review?

Yes

No

If yes to the above question, please explain:
Indicate where signed informed consent forms are being kept:

PLEASE CERTIFY YOUR RESPONSES PRIOR TO SUBMITTING:

By checking this box, I, [TYPE YOUR NAME] certify that the approved protocol and the
approved method for obtaining informed consent has been and will continue to be followed.

Date:

Comments:
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Appendix D: Google Survey Introduction Screen
Opening Page

Dear Student:
Greetings!
I am a doctoral student in the School of Education at Liberty University. I am conducting
research as part of the requirements for an EdD (Doctor of Education) degree. The purpose of
my research is to compare math attitudes between male and female Hispanic students under 18
years old at selected Orange County, Florida High Schools. I wrote to your parents to ask their
permission for you to participate in my research, and they agreed to allow you to do so. Now, I
want to get your permission.
You were selected because you are a self-identified, Hispanic student in grades 9 through 12,
below the age of 18 who attends a select Orange County, Florida High School. If you are willing
to participate, you will fill out an online survey about your attitude towards mathematics. It
should take about 20 minutes. The survey is completely anonymous, and no personal, identifying
information will be collected, though I will ask for your gender, grade, and age.
There are no risks associated with this survey. The only benefit will be to society over the long
term as we add to the body of knowledge about math attitudes.

Below, you will find two buttons, one to take the survey and the other to opt-out of the survey
(not take the survey). Participation is completely voluntary. Nobody will ever know if you took
the survey or not. There is no pressure whatsoever.
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Either way, I thank you for your time and kind attention.

Leslie Marie McClammy. Ed.S.
Doctoral Candidate
Liberty University College of Education

(Button) No, I do not want to take the survey

(Button) Begin the survey

